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Preface 


The third edition of Dairy Cattle Feeding and Management, 
published before the second World War, met with general favor 
among teachers and other workers in the dairy-production field. 
Since its publication, however, great changes have taken place in 
the science of dairying, which have made it necessary to revise 
many chapters and to add others in order to keep pace with 
these dianges. 

Artificial breeding and its many inherent problems, the digesti- 
bility of feeds, especially those related to the microorganisms in 
the rumen, the general use of grass silage and grassland farming, 
the new types of buildings and equipment used on the dairy 
farms, the mechanization of farms and dairies, the improved 
method of milking, and many other changes too numerous to 
mention have, for tlie most part, been developed since the publi- 
cation of the third edition. 

In the writing of the present edition the latest literature on the 
various subdivisions of the subject has been used, and, when the 
author of any statement was known, credit was given in the foot- 
note. The chapters have been rewritten and brought up to date, 
and six entirely new chapters have been added. In addition, a 
list of references for further study is included at the end of each 
chapter, so that students who desire may pursue their studies on 
the various subjects, or the instructor may use these references for 
outside assignments. 

The object of the authors of this book has been to bring to- 
gether in a compact and teachable way tlie more important find- 
ings of investigations in tlie field of dairy husbandry. It has not 
been the purpose to include the results of every experiment that 
has been published on the various subjects discussed, but rather • 
to present the best information available at J:he■^ras^nJ^tirqe^ 'No 
vii 
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doubt many \\orthy articles will be tnlirclx omitted, but it is im- 
possible to include everything m a boob of this size 
Although the book was written for the student in dairy -cattle 
feeding and management, it is bclieectl by the authors that prac- 
tical dairymen, herdsmen, iiiscminitors, and all others in the 
dairy field will find the material presented useful in their work 
The first edition was the work of Carl W Larson and Fred S 
Putney Tlie second and third editions were resisions by Harry 
O Henderson, who, not finding time to make the revision for the 
fourth edition without help, asked the help of Paul M Reaves as 
junior author Manv of the new ideas incorporated in this edi- 
tion were contributed by the junior author, but the authors liavc 
worked closely together with the one object in mind, namely, to 
make this a teachable and useful text 


Atofganloicfi W Vir 
December, i953 
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Development 
of Dauying 


Dairy-cattle li\isbandr>' includes all phases of caring for the 
dairy cow, such as feeding, breeding, and management. The im- 
portance of milk in the human diet is known by everyone. A 
well-known authority in nutrition has said that “without milk the 
white race cannot survive/* Since the health and well-being of 
the people of this nation depend upon the consumption of large 
quantities of milk and its products, the dairy farmer is chal- 
lenged to produce an adequate supply of milk as economically 
as possible in order that the entire population may consume an 
abundance of this health-giving food. 

To accomplish this the dairy farmers must do an even better 
Job of dairy farming. They must so feed and care for their 
herds that the production of milk will continue to increase. The 
annual production of the dairy cow in the United States averages 
approximately 5300 pounds of milk and 210 pounds of butterfat; 
the more than a million cows on test in dairy herd improvement 
associations produce on an average 9172 pounds of milk and 370 
pounds of butterfat, thus showing that there is great room for 
improvement. 

Research helps show the way. The following statement was 
made in the United States Department of Agriculture, Bureau of 
Dairy Industry Report for 1931. “The dairy industry owes much 
of its present economical and nutritional importance to the re- 
sult of research in many different fields of scientific effort. Ani- 
mal husbandmen, agronomists, plant and animal geneticists, bac- 
teriologists, chemists, entomologists, physiologists, engineers, nu- 
tritionists,— and a host of other scientific and practical workers— 
have all made a contribution to the development of this great 
industry. Undoubtedly, further progress by the dairy industry 
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2 DcNLlopment of Diming 

\\ill also depend upon research both in the Geld of fundimentil 

science and in the ipplicolion of results ” 

BESEAbCn IN DAim HUSBANDm 

More research results arc needed in order for the dairj men to 
continue to increase production and to produce milk more cco- 
nomicallj Research results hase aided ind should continue to 
aid in the following Gelds 

(<i) Feeds and Feeding One of the limiting factors in in 
creased production of milk is insiifiicicnt high-quahtj feed 
\lore attention must he gi\en to the production of more, and 
better pastures and to the growing and preserving of forage 
crops m their best nutritive form either ns silage or liaj Apph 
cation of research results to the fundamentals of the feeding of 
dairy animals of all ages points the wa> to the most efiiacnt use 
of available feeds Unbalanced rations and improper feeding 
methods arc responsible for lower production and for lowered 
utilization of the nutrients in the feeds 
(b) Herd Health Much is known about preventing and con 
trolling many of the infectious and other diseases of cattle Fed 
eral and state regulations are set up to help prevent the spread 
of some of these diseases It is however in the long run the 
responsibility of the dairyman to develop a management program 
to protect and care for his own herd Reproductive difficulties 
and udder troubles probably are the two greatest health prob 
lems troublmg the dairyman and both are at least partly due to 
faulty herd management Research has shown that with good 
management practices many of these problems can be controlled 
(c) Breeding Although great improvement in the average 
production of the dairy cow will result from better feeding meth 
ods and from maintaining healthy herds continued improvement 
must result from breeding cows whose strain will make for in 
creased milk production The application of the results of re 
search to dairy cattle breeding will improve the inherent ability 
of cows to produce larger amounts of milk and butterfat The 
artiBcial breedmg of dairy cattle is a new approach to increasing 
production of dairy cows It is a means of bnngmg good in 
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heritance to the gieat mass of dairy cattle scattered in all parts of 
the countr>'. 

(d) Milking. With the development of better cows comes the 
necessity of handling them more carefully. The milking of a 
cow is governed by certain specific rules, predicated on scientific 
facts. If these rules are followed, greater production will result. 
Managed milking not only causes the cow to produce more milk 
but it helps to protect the udder from mastitis and other ail- 
ments. 

(e) Labor-Saving Equipment and Methods. The labor cost of 
milk production represents a higher per cent of the total cost 
than it has in the past. To compensate for this, labor-saving 
equipment and labor-saving methods must be used. Efficiently 
planned buildings and labor-savmg equipment and methods are 
making it possible for a man to care for more cows and to pro- 
duce more milk per hour of labor. Research is helping develop 
such labor-saving methods and equipment. 

Continued research in these and other fields is needed. 

THE DAIRYMAN 

Many other factors enter into the task of increasing milk pro- 
duction economically. Many of these are closely connected 
with the dairyman himself. He should be a man with a sincere 
love for dairy cows; one who knows how to feed and care for 
them so that he will get the greatest amount of milk at the small- 
est possible cost. He must be gentle and patient and should not 
expect results too quickly. Above all, he should be careful with 
details, watching carefully such details as the health of the indi- 
vidual cows, the regularity of feeding and milking, the cleanliness 
of the cows, the barn and the utensils, the method of milking, 
and the many other requirements for efficient milk production. 

IMPORTANCE OF DAIRYING 

More than 80 per cent of all the farmers in the United States 
are involved in the feeding, care, and management of dairy cattle. 
Approximately 25 million dairy cows m this country produce milk 
for human consumption or for the manufacture of dairy products. 



^ DcNclopmcnl of Dairj’ing 

Because of the nature of dair> products, cspeciall) milk, the pro- 
ducer and consumer are cquall> inlercstt d m mamtaming an ade- 
quate and wholesome supply of these proclucts Tlitrc is a daily 
demand for milk or some of its products by ev er> famil> Tlicrc 
are no substitutes for milk Children must ha\e it for growlh, 
adults require it for health, and invalids as wc.ll as old people 
must turn to it as a means of prolonjpng their lives 

Dairy husbandry IS of comparative!) rccentongin Milk.bow- 
ever, has been used as food for man from the earliest times As 
far back as history records, milk and some of its products, espe- 
cially butter and cheese, were used as articles of food Tlic l>ook 
of Genesis contains records of ihcir use, and excavations reveal 
the presence of the bones of dnii) animals among ancient remains 
of human life Tlirough all the ages da!r)ing has phved a part 
m the agnculture of the various nations, but it did not begin to 
attam an important status until about 1650 

Nature intended the cow to produce enough milk to feed her 
calf, but man has developed this function to such a point that 
frequently a single cow produces sufficient milk to feed man) 
calves As land was taken up and the herder was not permitted 
to move his cattle from field to field when new pasture became 
necessary, he vvas obliged to adopt a more complete S)Stem of 
feeding in order to obtain increased milk production 
By far the greatest proportion of milk produced in this counti) 
IS from the small dairy herd It is possible to produce milk as a 
side line and to sell it cheaper than that produced m the special- 
ized dairy, where all labor must be hired and where good market- 
able crops must be fed In a dairy of few cows, much of the 
roughage, such as stover, straw, and lia), that ma) be discolored 
by ram or otherwise made unmarketable, can be used to a better 
advantage than by putting it on the market Moreover, a few 
cows may often be milked and cared for without the exist of 
hired labor 

Because of the competition from small dairy herds on general 
farms, the larger speaalized herds have been developed under 
certain definite conditions However, with the increased de 
mands for milk produced under exceptionally clean conditions 
from healthy cows, the specialized dair> has gradually replaced 
the system of milk production as a side line, especially m those 
sections where milk is produced primarily for consumption as 
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Extent of the Dairy Industry 

fluid milk. Special equipment and methods are needed for pro- 
ducing clean, sanitary milk. Such milk is produced at a some- 
what higher cost, but the consumer willingly pays for the im- 
proved quality. 

A few other animals besides the cow have been used for the 
production of milk. The most common of these is the goat, 
though the mare, the ass, the ewe, the water buffalo, and other 
animals have been used in other countries. In the United States 
the goat is tlie only animal besides the cow that is used to pro- 
duce milk commercially. Goat’s milk is produced primanly for 
invalid feeding, altliough it is used to a limited extent for other 
purposes. 


EXTENT OF THE DAIRY INDUSTRY 

Although the dairy industry in the United States developed 
slowly at first it has increased rapidly during the past 100 years. 
Table I shows the amount of milk produced and its utilization. 

TABLE I 


Milk Production' and Utiuzatiov * 



Whole 

Per- 

Amount of 

Amount 


Milk 

centage 

Product 

Con- 


Used, 

of 

Produced, 

sumed 


1,000,000 

Total 

1,000,000 

per 

Purpose for IVliich Used 

lb. 

Milk 

lb. 

Capita 

Fiuid milk and cream 

In cities 

On farms 

45,099 

12,451 

37.3 

10.1 

} 

180 qt. 

Butter 

Creanicr\' butter 

27,980 

22 7 

1395) 

10.8 Ib. 

Farm butter 

5,3C4 

4 3 

204 J 

ChecHC 

11,081 

9 5 

1172 

7.5 Ib. 

E^npomte^l and condensed 
milk 

0,910 

5.C 

3130 

Ice cream 

0,200 

5.1 

510 

IS.Cqt. 

Tvliolc milk 

091 

0.8 

125 

Fctl caUcs 

3,382 

2 7 



Ollier ii«ca 

2,324 

1.9 




1*1, SSI 100.0 

• Unilfti Slater Ccn<u« of .tgrictillurr, IOjO. 
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The number of cows and heifers 2 years old and over kept for 
milk IS approximately 25 million Tlic number of cows, the 
average production per cow, 'ind the total milk production b> 
states are given m Table 11, arranged according to number of 
dairy cows per state 

Although the United States has more dairy cattle than any of 
the European nations the number is not so large in proportion to 
the area as m some European countries, nor is the production of 
the cows so high The dairy industry m the United States is, 
however, one of the largest and most profitable branches of the 
farm business About one fifth of the total value of farm produc 
tion comes directly or indirectly from the dairy cow The growth 
of the dairy industry in the United States during the past two 
decades has been greater than during other similar periods This 
has been due largely to the fact that the consumption of dairy 
products has increased about 25 per cent during that time This 
increase in consumption has been brought about to a large extent 
by a better understanding of the high dietary value of milk and by 
the higher standard of living resulting from greater purchasing 
power of the average person 

The increased efficiency in the production of milk his also been 
remarkable The average milk production of the cows in the 
United States has increased in the past 25 years more than 1200 
pounds per cow Since 1840 the number of cows and the total 
production has been steadily increasing Although production 
per cow has increased the number of cows per 1000 population 
has gradually decreased (Table III) In 1930 there were only 
about 80 per cent as many cows per 1000 people as in 1930 

This increase in production has been brought about by the 
adoption of more efficient methods Dairymen have a better 
understanding of the problem of feeding Also they are culling 
their herds more closely raising the heifer calves from only their 
better cows and selling the lower producing cows 

REASONS FOR AND AGAINST DAIRY FARMING 

There are several reasons why dairy farming has reached its 
present place in the agriculture of our country In the first place, 
milk IS an excellent food and cannot be replaced in the diet with 
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TABLE n 

Number of Milk Cows States, A^'erage Production per Cow, 
Ai»D Total Production, 1950 * 





Milk 

Total 




Produc- 

Produc- 



Number 

tion per 

tion, 



of Cows, 

Cow, 

million 

2Jank 

State 

thousands 

pounds 

pounds 

1 

lYisconsm 

2,306 

6770 

15,612 

2 

Minnesota 

1,371 

6020 

8,253 

3 

Netv York 

1,366 

6590 

9,002 

4 

Texas 

1,171 

3391 

3,970 

5 

lo^a 

1,088 

5461 

5,940 

G 

Ohio 

1,013 

5480 

5,551 

7 

Michigan 

068 

5971 

5,779 

8 

Pennsjhania 

064 

CIGO 

5,938 

9 

jMissoun 

939 

4711 

4,423 

10 

Blmois 

D25 

5601 

5,180 

11 

California 

813 

7411 

6,024 

12 

Indiana 

705 

5050 

3,560 

13 

Tennessee 

598 

SOU 

2,338 

14 

Kansas 

590 

4670 

2,735 

15 

Oklahoma 

588 

3659 

2,152 

16 

Kentuckj 

583 

4040 

2,355 

17 

Mississippi 

465 

3000 

1 393 

18 

Virginia 

463 

4850 

2 131 

10 

Nebraska 

449 

4870 

2,187 

20 

Arkansas 

402 

3281 

1,319 

21 

Alabama 

388 

3610 

1 408 

22 

North Dakota 

375 

4070 

1,751 

23 

North Carolina 

374 

4459 

1,668 

24 

Georgia 

365 

3640 

1,329 

25 

South D ikola 

333 

t203 

1,402 

20 

llnsliington 

302 

6039 

2 005 

27 

IjOiiisintia 

266 

2550 

078 

28 

Vermont 

262 

5839 

1 530 

20 

Mnnlnn<] 

233 

5001 

1 316 

30 

Oregon 

219 

1979 

1 310 

31 

llcsl \irgima 

21G 

40S1 

881 

32 

Idaho 

191 

(.209 

1,205 

33 

Colomtlo 

185 

5300 

080 

31 

Nti\ Jerve\ 

no 

7209 

1,158 

3*» 

South Carolina 

15S 

3090 

630 

3(1 

1 lontln 

136 

4190 

571 

37 

Mnss,iihu'*olls 

120 

6101 

768 

38 

Maine 

115 

5620 

646 
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TABLE n {Continued) 

NUilBER OF 5IltK Cows BT STATES, A\ERAGE PkODCCTION FEB CoW, 
A>D Totai, Pbodcctiov, 1050 * 





Milk 

Total 




Produc- 

Produc- 



Number 

tion per 

tion, 



of Cows, 

Cow, 

million 

Rank 

State 

thousands 

pounds 

pounds 

39 

Montana 

114 

49G0 

565 

40 

Connecticut 

107 

C499 

696 

41 

Utah 

105 

C4G9 

697 

42 

New Hampshire 

Cl 

5601 

342 

43 

New Mexico 

55 

4100 

226 

44 

M j ommg 

50 

5349 

2CS 

45 

Arizona 

4C 

5801 

267 

48 

Delaware 

35 

5231 

183 

47 

Rhode Island 

20 

C899 

158 

48 

Net ada 

17 

6050 

103 



22,779 


120,555 


* Untied Slates Census of Agriculture, 1950. 


TABLE III 


pBODUcnov Statistics, 1840-1950 • 


A ear 
1840 
1850 
1800 
1870 
1880 
1890 
1900 
1910 
1950 
1930 
1040 
1950 


Milk Cows 

Aserage 

Milk 

on Farms, 

per Cow, 

thousands 

pounds 

4,837 

6,385 

8,586 

8,035 

12,443 

16,512 

17,136 

20,625 

2902 

19 C75 

3961 

22 443 

4510 

24,940 

4625 

24,573 

5292 


Total Milk Farm 

Produced, Cows per 
million 1000 

pounds People 
287 
278 
270 
284 
251 
204 
257 

59,854 225 

77,992 203 

99,705 205 

100,502 190 

120,535 163 


• Unileil States Census of Agnculture. 1950 
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out considerable difficulty; in the second place, dairy cows pro- 
duce food more economically than any other kind of livestock; 
and, in the third place, with dairy fanning the fertility of the 
soil can be maintained more readily than with any other type of 
agriculture. Furthermore, dairying is a stable form of agriculture 
and gives quick and regular returns. 

In pointing out the disadvantages of dairying it may be said 
that good labor is hard to obtain, a large amount of capital is 
needed to start a specialized dairy business, and much risk is in- 
volved. 

Milk as a Food. That milk is an excellent food, especially for 
growing children and invalids, has long been recognized, but the 
reason for this was not fully appreciated in the past. It has been 
known for a long time that the solids of milk are present in just 
the right proportion for nutrition and that milk is highly digest- 
ible and palatable. It has been found, however, that more than 
these essentials must be considered in the diet. We know now 
that not all proteins are of equal value, since some of them 
do not contain all the important amino acids that the body re- 
quires. The proteins of milk, nevertheless, are quite complete, 
and when milk is fed with the cereals it supplements their pro- 
teins adequately. 

The diet must contain two additional factors: namely, sufficient 
mineral matter and the vitamins. Milk contains all the important 
minerals needed by the body, >vith the possible exception of iron 
and iodine. It is particularly rich in calcium, which is the element 
most likely to be deficient in the ordinary diet. A deficiency of 
minerals causes poor teeth and other bodily ailments. 

Milk also contains the important vitamins which are necessary 
for the growth of the young and the well-being of the adult. No 
other food, except green leaves, contains all the vitamins, and 
man must therefore depend largely upon milk for his supply of 
these important elements. 

For these reasons, milk is one of the most important food sub- 
stances and must be supplied in liberal amounts. It has been said 
that no nation that was not a great consumer of milk has ever be- 
come a great world power, and also tliat our countrj- cannot main- 
tain its present position as a world power without the continued 
extensive use of milk. 
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Dairy Cows as EfBcient Producers of Human Food. Of the 
common domestic animals, the cow is the most economiral pro 
ducer of human food A comparison of the dairy cow noth other 
anunals as to efficiency in the production of human food is gnen 
jn Table IV 

TABLE IV 

Hxjiio. Food Produced bv \N»nts from 100 Pounds of Digestible 
JIatter Consumed * 



Marketable 

Edible 


Prwluct, 

Solids 

Animal 

pounds 

pounds 

Cow (milk) 

139 0 

18 0 

Pig (dressed) 

25 0 

15 6 

Cow (cheese) 

14 8 

9 4 

Cal! (dressed) 

36 5 

8 1 

Cow (butter) 

C 4 

5 4 

PouUr> (egg*) 

19 6 

5 1 

Poulin (dressed) 

15 C 

4 3 

Lamb (dressed) 

9 6 

3 3 

Steer (<lressed) 

8 8 

3 8 

Sheep (dressed) 

7 0 

3 6 


* From Feeding of Farm Animah Jordan 

From 100 pounds of digestible matter consumed, the cow jnelds 
139 pounds of milk 18 pounds of which is edible solids, prac 
tically all digestible On the same basis, the pig returns 25 
pounds of marketable product of which 15 6 pounds is edible 
The pig and the hen are the greatest competitors of the dairy 
cow in the production of human food Both, however, require a 
different kind of food from the dairy cow, which consumes \ast 
r^uantities of roughage, such as hay, straw, stover, and similar 
rough feed that Mould often go to waste otherwise The pig and 
the hen must ha\ e an abundant supply of gram and cannot utilize 
large quantities of rou^age 

Both the sheep and the steer, on the other hand, are adapted 
to utilize roughage, but the dairy cow returns about 6 times as 
much edible solids in her milk, for each 100 pounds of digestible 
nutrients m the feed consumed as the sheep or the steer y leld in 
their carcasses and the cow still remains to continue production 
for 2 to 6 \ears longer This fact accounts, no doubt, for the 
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prominent place held by the dairy cow in intensive farming and by 
the steer in extensive farming. It also accounts for the decrease 
in the number of beef cattle in the country as the population in- 
creases and the size of the farm decreases, and for the accom- 
panying increase in the number of dairy cattle. The dairy cow 
fits into an intensive system, and is the chief producer on the very 
high-priced land of Holland and Denmark. 

Relation of Dairying to Soil Fertility, Dairy farming, perhaps 
more than any other system of farming, makes it possible to 
conserve the fertility of the land and even to build up the soil. 
This is especially tnie in intensive dairying, when some of the 
grains are purchased, and even more so when butter is sold off the 
farm. Such feeds as wheat bran, linseed meal, and cottonseed 
meal, which are commonly purchased for dairy cows, are rich 
not only in nitrogen but also in phosphoric acid and potash. The 
amounts of the fertilizing constituents contained in a few of the 
common feedstuffs, together with their value per ton, based on 
the normal prices of the fertilizer constituents, are shown in 
Table V. 

TABLE V 

Fertiuzinq Constituents or 1000 Pounds of AIateri <l and Its Value 
PER Ton 

Feeding Constituents in 
1000 Founds 



Nitrogen, 

Phosphoric 

Acid, 

Potash, 

Value 

per 

Feeding Stuff 

pounds 

pounds 

pounds 

Ton * 

Alfalfa 

23.8 

5.4 

22 3 

$12.73 

Clo\ er hay 

20.5 

3.9 

1C 3 

10.53 

Timothy hay 

9.9 

3 1 

13 6 

5.89 

Corn silage 

3.4 

1.6 

4 4 

2 00 

Corn meal 

14.9 

6,1 

3.7 

7 22 

Gluten feed 

40 6 

6.2 

2 3 

17 30 

Wheat bran 

25 1 

29 3 

16.1 

15 92 

^Yheat middlings 

27 7 

21.1 

11 8 

15 32 

Cottonseed meal 

03.7 

26 6 

18 0 

31 18 

Brewers’ grams (dried) 42.4 

9 9 

0 9 

10 34 

Oats 

19.8 

8,1 

5 C 

9 07 

Linseed meal 

.54.2 

17 0 

12.7 

25.40 

* Nitrogen figured at 20 cents phosphoric acid at 7 cents, 
at 5.5 cents, per pound. 

and potash 
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Reasons For and Against Dairy Farming 

Table V shows that whenever a ton of hay or straw is sold off 
the farm it takes with it a certain amount of soil fertility which 
must be replaced in some manner if the farm is to maintain its 
fertility. Where dairy farming is practiced, usually all the hay, 
straw, and grain are fed on the farm, and very often large 
amounts of high-protein feeds, such as cottonseed meal and lin- 
seed meal, are purchased for supplementary feeds. These add 
materially to the fertility of the soil, and when tliese and tlie 
homegrown feeds are fed to the dairy cow, about 70 per cent of 
fertilizer value can be restored to the farm in the form of manure. 
The selling of milk, and more especially of butter or cream, 
does not materially reduce the fertility of the soil. 

In general, on farms on which no livestock is kept, the soil fer- 
tility is not maintained. It is not necessary to keep livestock in 
order to maintain fertility, but livestock farms are almost uni- 
versally in a higher state of production than other farms. This is 
accounted for by the fact that manure is a by-product that cannot 
usually be marketed, whereas the maintenance of fertility by 
commercial fertilizers requires a direct cash outlay. 

Sure and Regular Returns. Of all the farm occupations, that 
of dairying gives the surest and most regular returns. In the rais- 
ing of beef or of grain, the return comes but a few times during 
the year, but with dairying the returns are steady. There is al- 
ways a market for dairy products. It is true that the returns at 
times may not be as great as they are with other forms of live- 
stock, but on the whole they vary less than with any other agri- 
cultural product. 

With the development of good roads and with increased trans- 
portation facilities, dairying is spreading to all paits of the 
country. 

The Labor Problem. The labor problem of a dairy farm is 
greater than in some other forms of agriculture, because of the 
fact that the work has to be done regularly each day, so that it is 
sometimes considered monotonous. Furthermore, more careful 
and skillful men are required than for many other lines of work. 
These limitations restrict the number of men available for the 
dairy farm, and also require that they be selected from a class 
who are paid more than ordinary laborers. 



Development of Dairying 

These disad\ antages are well known, but there are other factors 
which tend to make the labor on the dairy farm more desirable 
Whereas in many other forms of agnculture and industry em- 
ployment IS uncertain and quite irregular, on the dairy farm it is 
certain and contmuous throughout the year A workman, for ex- 
ample, working only one half the year, will seldom accumulate 
much property, neither will the farmer whose productu e labor 
IS confined to a few months of the year, as is true where a single 
crop IS grown for market Dairy farming gives the farmer an 
opportunity to use his time regularly Members of his family may 
also find work adapted to their age and strength 

Even though the wages may not be so high as m some other 
occupations, nevertheless they are paid regularly and at the end 
of the year may amount to more than m other less regular types 
of work Enrthermore, many dairy farm workers are furnished a 
house, garden, milk, and other extras that workers m many other 
types of work do not re<^ne The advantages of living in the 
country cannot be overlooked 

The objections raised to long hours and to the steady, regular 
work may be partially overcome by giving the help regular time 
off each week and by the use of labor saving devices For ex- 
ample, milking by machine is not considered nearly so laborious 
as milking by hand Dairy help that truly hkes dairy cows will 
not object to having more regular work than other laborers All 
things considered, many of the so-called drawbacks to farm labor 
disappear or turn to advantages 
Capitalization and Risk. It requires a large amount of capital 
to start m the dairy business The farm, the up-to-date bam, a 
good herd of cows, the equipment necessary for the farm and 
bams, require a great deal of capital Also, there is the cost of 
feed and labor to keep the farm in operation The nsk involved 
in the operation of a dairy farm is considerable Because of poor 
feeding or poor breeding methods, cows may develop diseases or 
may fail to produce sufficient milk for a profitable enterprise For 
these reasons, it is not often advisable for a beginner to go ex- 
tensively into the dairy business wnthout some previous expen 
ence It is usually better to grow into it, as one can do with a 
minimum amount of financial outlay There is profit in the 
dairy business for the expenenced man who has a good herd of 
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dairy cows and pays attention to the details of feeding, breeding, 
and management 

PUREBRED DAIRY CATTLE 

For those \\ho have sufficient capital and know the methods of 
breeding, the raising of purebred daily cattle offers a special 
opportunit) Most of the dairy cattle in this countiy' are grade 
animals As dauymen are constantly seeking to improve the 
production of this class of cattle, higher-producing purebred ani- 
mals are needed to furnish the necessary breeding stock Perhaps 
the greatest development of the industry, as far as the animals 
are concerned, will be brought about by the use, in the grade 
herds, of bulls that will increase the herd production The value 
of a good bull can hardly be overestimated, as the producers of 
milk and dair> cattle are rapidly learning They are willing to 
pa> high prices for good breeding stock There has always been 
a demand for good purebred animals, and this demand will prob- 
ably always contmue Therefore, the dairyman who can produce 
not only good milk but also high class livestock, and who can 
properly feed, show, and market the animals, can establish an 
especially desirable business An addition to the purpose of pro- 
ducing milk, the raising of purebred cattle is a separate enter- 
pnse 
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Tlie Components 
of Plants 
and Animals 


ELEMENTS OF ANIMALS AND FEEDS 
Of the man\ chemical elements now Icnown, onl> eighteen are 
important as far as plant and animal life is concerned Six of 
these elements (namelj, ox> gen, carbon, h>drogen, nitrogen, cab 
cium. and phosphorus) maVe up 9S5 per cent of the plant or 
animal, tlic others occur m minute amounts va^J^ng from mere 
traces up to 05 per cent These, in order of the amount found in 
the animal bod>, are potassium, sulfur, sodium, chlonne, mag- 
nesium, iron, iodine, fluorine, silicon, zme, nickel, cobalt, copper, 
manganese, and arsenic Some of these, though found m \er> 
minute quantities, are nesertheless neces5ar> for life and ssell 
being. Others do not seem to base an> known function 

COMPOUNDS 

Tlie elements named abose combine to form a great mam dif- 
ferent compounds These compounds can be dnided into fi\e 
great classes, as follows water, ash, crude protein, carbohs 
drates, and fat, which is also call«l ether extract Frequentl), 
Om- cailioln drates are further dnided b% the chemist into nitro 
gen free extract and crude fiber Tlie follov.^ng diagram will 
slwjw Ikjw these compounds of the plant are dnided dunng 
anaU-ses Tlie water and ash are incombustible, the remaining 
compounds are combustible 

It IS necrssarv to studv these compounds before we can under- 
stand Iww dies can l>e used b> the animal bods 
16 
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All feeding stuffs consist of 


Water Dr 3 ’’ iiinltcr 


Ash Organic mtalter 


Protein Carbohydrates Fat or ether extract 


Nitrogen-free extract Fiber 


Water 

Water, composed of hydrogen and oxygen, is a necessary com- 
pound of plants and animals. Growing plants contain as much 
as 70 to 80 per cent water, and even the bodies of animals are 
70 to 90 per cent water. Water has several important functions 
in the animal body. It gives elasticity and rigidity to the suppor- 
tive tissue of the animal, helps to dissolve the food, acts as a car- 
rier of food and waste, helps to maintain the osmotic pressure of 
the body, and prevents extensive changes of temperature. It 
also has the power to dissociate into hydrogen ions and hydroxyl 
ions, with the result that it readily unites with many types of 
compounds. Any interference with the normal amount of water, 
in either plants or animals, produces disastrous results. Water, 
therefore, should always be supplied to livestock in large amounts. 


Dry Matter 

If a substance is heated to a temperatuie at or above that of 
boiling water until it ceases to lose weight, the remaining residue 
is known as dry matter. The loss of weight represents the mois- 
ture or water. A small amount of moisture, however, is still held 
in the dry matter. Dry matter is divided into organic matter and 
ash or inorganic matter. 

Ash or Mineral Matter. When dry matter is burnt the or- 
ganic matter can be burnt out, leaving what is known as ash or 
mineral matter. There is considerable ash in all the common 
feeding stuffs. In the animal the dry matter of the bones con- 
sists largely of ash, whereas the dry matter of the rest of the 
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body contains, on the average, about 7 1 per cent ash Tlie 
anahsis, however, does not tell how the inorganic matter is dis- 
tributed in the bod) The important minerals which arc most 
bVel) to be lacVing in the animal bod) are calcium, potassium, so 
dium, iron, phosphorus, chJonne, fluonne, iodine, sulfur, copper, 
cobalt and magnesium Silicon, manganese, nickel, and zinc are 
usually present in sufficient amounts 

The functions of the minerals in the animal bod) are numerous 
They furnish material for the formation of new tissues, especially 
that of the skeleton and of the mineral part of milk Minerals are 
especiall) important for )oung, growing animals, and for lactat- 
uig cows 

The minerals help to maintain the osmobc pressure The cells 
of the various bod) tissues draw their nourishment from the 
l)Tnph, from which they are separated by cell walls These 
walls have the nature of a semipermeable membrane In order 
to maintain normal conditions in the protoplasm of the cells, the 
osmotic pressure of the hmiph, and therefore that of the blood 
from which it is derived, must be maintained approximate]) con 
slant The constant osmotic pressure is due largel) to minerals 
contained in solubon 

The minerals help mamtam the necessary ionic concentration 
m the bod) Certain important reactions in the body wnU not 
take place unless the proper ionic concentration is inaintained 
Pt)abn, for example, is verv sensitive to acid, but pepsin is most 
active when the reaction is sbghtl) acid The different minerals 
dissociate and )ield the desired ionic concentration 
The minerals help maintain the neutrality of the bod) The 
bod) katabohsm is contmuall) producing acids, esptoiall) car 
bonic, phosphoric, and sulfunc, which tend to increase the acidity 
of the blood These are in part neutralized by the ammonia pro- 
duced in the katabdlism ot the proteins, and in part b) salts in 
the blood serum, especially the sodium phosphate and bicar- 
bonate, which play an important part in maintainmg its neu 
trality 

The mmerals aid in respiration Iron is an essential part of the 
h^oglobin, by means of which the oxj gen is distnbuted through 
the bodv Iodine also is an essential constituent of thyroxine, an 

• The Vufniion of Farm Amnuilt, Aimsby 
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important hormone secreted by the thyroid gland, which influ- 
ences the rate of metabolism of all body cells. 

The minerals are also necessary in putting certain materials 
into solution. Certain proteins, for example, are soluble only in 
dilute salt solutions. Some minerals also aid in digestion, espe- 
cially of fats and proteins, and others are useful in protein and 
carbohydrate metabolism. They have the power to dissociate 
with the formation of ions that possess the power of conducting 
electric currents and are in this way very closely related to the 
chemistry of life. 

Organic Matter 

The chemist determines the organic matter by taking the differ- 
ence between the dry matter and the ash. Organic matter is 
divided into three groups: protein, fat, and carbohydrates. 

Protein. The crude protein of feeding stuffs is not determined 
directly by the chemist. The usual method of analysis is to de- 
termine the amount of nitrogen, and then to multiply this amount 
by the factor necessary for the particular feed. The factor most 
commonly used is 6.25. 

Classification of Proteins. The proteins have been classi- 
fied, not according to their nutritive properties, but according to 
certain characteristic chemical properties, particularly that of 
solubility. The classification is as follows: 

A. Simple proteins. These are naturally occurring proteins, which, 
on being treated with enzymes or acids, break up only into amino 
acids or their derivatives. 

1. Albumins. These are soluble in pure water and coagulable by 
heat. Egg albumin, lactalbumin, and serum albumin are the 
most important ones, but others are found in small amounts in 
some of the common grains and legume seeds. 

2. Globulins. These are insoluble in pure water, but soluble in 
neutral salt solutions. Globulins are found in blood, in milk 
and in many of the seeds. 

3. Glutehns. These are insoluble in pure water and neutral salt 
solutions, soluble in dilute acids or alkalies. They are character- 
istic of the cereals. Combined with a prolamine, they form the 
gluten. 

4. Prolamines. These are soluble in 70 per cent alcohol. They 
are found especially in the seed of the cereals. Zein in com, 
ghaden in wheat, and hordein in barley are examples. 
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5 Albuminoids These are insoluble in all neutral solvents, but are 
soluble m strong acids or alkalies which decompose lliem 
They are found m animals only Collagen, found m connective 
tissue, and keratin, found m epidermal (issue, such as hair, 
horn and hoof are examples 

6 Histones These are soluble m water but insoluble m very di- 
lute ammonia Tliey are found only m animals Tlic globin of 
hemoglobin in the blood Is a histone 

7 Protamines These are soluble in water, and not coagulable by 
heat They are also found in animals They have the smallest 
number of ammo acids in ihcir molecule of any class of proteins 

B Conjugated proteins These are compounds of simple proteins vv ith 
some other nonprotein groups. The nonprotcin groups are usually 
acid in reaction 

1 Nucleoprotems These are proteins combined with nucleic acid 
and are especially characteristic of the nucleus of the vegetable 
or animal cell 

2 Glycoproteins These are proteins combined with substances 
containing a carbohydrate group other than nucleic acid The 
mucins and mucoids are the most important 

3 Phosphoprotems These are proteins combined with some 
phosphorus containing substance Casein m milk and vitelhn 
in egg yolk are important 

4 Chromoproteins These are conjugated proteins m which the 
additional groups arc colored The most common is hemo- 
globin which IS a combination of globm and hematm and giv es 
the red color to blood 

5 Lecithoproteins These are proteins combined with lecithin 

C Derived proteins This group is artificial but includes all those 
decomposition products of the simple proteins that are produced 
by the action of enzymes or other agencies 

1 Primary protein derivatives These include proteans melapro- 
tems and coagulated proteins They are denvatives of proteins 
in which the proteins have been broken up slightly 

2 Secondary protein derivatives These include proteoses pep 
tones and peptids each simpler than the preceding one They 
are obtained by the breaking up of the protein molecule 

Covrposmo'. of Pboteevs All proteins contain carbon, hydro- 
gen, oxygen, and nitrogen many contain sulfur, and a few contain 
phosphorus or iron The protein molecule is very complex, and 
there are very few proteins of which the exact formula is known 
That of hemoglobin has been given as CTosHisoaOaisNio.SzFe 
Structure of Proteins When simple proteins are broken 
down they yield ammo acids This indicates that proteins are 
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made up of amino acids linlced together. Approximately hventy- 
three different amino acids have been isolated. The number of 
amino acids contained in a protein molecule varies in different 
proteins. No hvo proteins are alike in this regard. Some pro- 
teins contain none of the more important amino acids. Tliis fact 
is very important in the study of nutrition, since animals with 
single stomachs cannot produce these amino acids, many of which 
are essential for proper nutrition. However, in the ruminant, the 
bacteria in the paunch are able to make complete proteins from 
nitrogenous compounds. Such compounds cannot be used by 
single-stomach animals. The dairy cow is then able to digest 
these bacteria and thus secure tlje amino acids needed, even 
though not present in the feed. For this reason, it is not so 
necessary to feed high-quality proteins to the dairy cow as it is 
in the case of the pig or the chicken. 

Function of Proteins. The function of the protein in tlie 
animal body is to supply the.animal with the living tissue neces- 
sary for the replacement of all worn-out material, and to supply 
the protein content of the milk. Protein can also be used as a 
source of energy. 

Nonprotein Nitrogen-Containing Substances. Feeding stuffs 
contain a great variety of nitrogen-containing substances that are 
not proteins but have a very much less complex molecular struc- 
ture, The most important of these compounds are amides, 
amines, amino acids and urea. Since plants build up proteins 
through the utilization of some of these compounds, they are 
found in more abundance in young, growing plants. Animals use 
amino acids to build up proteins within their bodies; when ani- 
mals eat young plants, therefore, they obtain these compounds in 
a more or less predigested state. Armsby ® at first thought that 
these compounds could not be used by animals, so he originated 
the term "digestible true protein,” by which he meant simply the 
digestible crude protein minus these nonprotein nitrogen-con- 
taining substances. It is now agreed, however, that nonprotein 
nitrogen can be used as food in the body of the dairy cow, with 
the aid of the bacteria and other organisms in the paunch which 
build these compounds up into protein in their own system and 
later the cow gets the benefit of this change. 

* 17.S D A Bur, Animal Ind. Btd 139. 



22 The Components of Plants and Animals 

Carbohydrates The carbohydrates of plants are the most 
important parts of the feeding stuffs They arc found only in 
small amounts in animals but are especially charactenstic ol 
plants, in which they form about 73 per cent of the entire dry 
matter and are the chief source of energy for the animal body 
The carbohydrates of feeding stuffs are divided into crude fiber 
and nitrogen free extract 

Crude fiber is the more insoluble, \voodj portion of the carbo- 
hydrates and consists of the hemicelluloses, celluloses, and pento- 
sans These compounds usually contain a considerable amount 
of lignin Lignin is the more fibrous part of a plant and is e\ en 
less digestible than the cellulose It is deposited around the cel 
lulose fibers The bacteria in the paunch reconvert the cellulose 
quite easily to soluble compounds for tbeir own use and for 
absorption However as the plant matures and the amount of 
lignin co\enng the cellulose increases, the bacteria have increas 
mg difficulty in digesting the cellulose, since even the bacteria 
are unable to digest the ligmn Thus every plant stem which 
has become mature and encrusted with lignm is less digestible, 
because the bactena have greater difficulty in digesting the cellu 
lose into simple compounds The crude fiber cannot be used to 
any great extent by animals with single stomachs but can be 
used as will be seen later, by the ruminant Crude fiber is deter 
mined by the chemist by boiling a sample of feed m weak aad 
and alkali and washing out the dissolved matter It is less di 
gestible than the other nutnents of feeding stuffs and becomes 
less digestible as the plant matures 
The nitrogen free extract is the more soluble portion of the car 
bohydrates It mcludes the sugars the starches, and the more 
soluble portions of the cellulose and pentosans It also includes 
the organic acids such as lactic, butync and acetic It is de 
termined by the chemist by difference and not by direct analysis 
The total dry matter minus the sum of the protein, ash, fat, and 
fiber gives the nitrogen free extract It has a high nutritive 
value 

Composition of Carboiiytoates The term carbohydrates 
means simply a compound composed of carbon, and h>droger 
and oxygen in the proportion in which they exist in water Tht 
more important carbohydrates in nutnhon are as follows 
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1. Monosaccharides, or simple sugars, CcHioOfl. In this group glu- 
cose, levulose, and galactose arc the most important. Of these, 
glucose is the most common. It is not commonly found in the 
feed, but is the sugar of the body. Most carbohydrates, before 
they can be utilized by the body, arc converled,into glucose. 

2. Disaccharides, or compound sugars, CioHooOn. In this group, 
sucrose, maltose, and lactose are the most important. They are 
compounds of two molecules of tlic simple sugars, with the elimi- 
nation of one molecule of water, CfiHjsOg -f CcHjoOg 
CioHnjOii + H 2 O. Sucrose, also known as cane sugar, is tlie 
best known. It is the sugar of the beet and the cane, and is 
made from one molecule of glucose and one of levulose. Malt- 
ose, or malt sugar, is formed by tlie union of rivo molecules of 
glucose; lactose, tlie sugar of milk, is formed by the union of 
one molecule of glucose with one of galactose. 

3. Polysaccharides (CcHiqOs),* Several compounds belong to this 
group, but the most important in nutrition are the starches, 
glycogen, and cellulose. They are compounds of many molecules 
of the simple sugars. The starches are the reserve carbohydrates 
of the plant and are very abundant, especially in seeds, fruits, 
and roots. Glycogen is the storage carbohydrate of the body 
and is not found in -plants. Cellulose is even more complex than 
the starches and goes to make up the woody parts of the plant. 
As plants mature, tlie cellulose combines with other substances, 
especially lignin, and forms compounds even more insoluble. 

4. Pentosans (C 6 HSO 4 ),. The pentosans are found in large 
amounts in animal feeds. They are the result of the union of a 
large number of molecules of pentose, C 5 H 10 O,, in the same 
way as starch is formed from the union of many molecules of 
glucose. They are found in the largest amounts m the woody 
portion of plants. They are very abundant in many of the com- 
mon feeds. The straws contain from 23 to 30 per cent, com 
contains 5.9 per cent, and cottonseed meal, 7 per cent 

Properties of CARBOimiRATES. Carbohydrates have three im- 
portant properties in nutrition. They are unstable, easily oxi- 
dized, and easily reduced. All carbohydrates are unstable in the 
presence of living protoplasm and can be easily broken down or 
changed into other sugars. They are readily oxidized, heat be- 
log given off during the oxidation (exothermic). In this manner 
they can be used as fuel in the body. They are also easily re- 
duced and form products which can be readily turned into fat. 

In this way, they can store up heat (endothermic). 

Function of Carbohydrates. The carbohydrates are the 
energy givers of the body. They are not stored in the body in 
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large amounts as carbohydrates, but can be changed into fat, 
the form m which energy is largel> stored 
Fats Fats are not as important m nutntion as either carbohy- 
drates or proteins, but the> do pla> some part and are made and 
stored m large quantities b> farm animals It appears that a 
limited amount of fat m the feed of the dairy cow is essential 
The chemist determmes the fat of feeding stuff by treating a 
sample of feed wth ether, which dissolves the fat ancTrelated 
substances This is called ether extract by the chemist, since it 
really contains other substances besides the fats 

Sttu-cture of Fats Fats are formed by a union of com- 
pounds, known as fatty acids, and glycerol They contam the 
same elements as carbohydrates, but their proportion of oxygen 
IS much less, and that of carbon and hydrogen much greater 
The principal saturated acids contained m the animal fats are 
palmitic acid, Ci,H-j;COOH, steanc aad, CnHg^COOH, and 
arachidic acid, CuHsjCOOH Others occur in small amounts 
In butterfat a large number of the fats in the lower senes are 
present, such as butvnc, CjH COOH 
The unsaturated acids differ from the saturated acids in that 
they contain 2 or more carbon atoms united by 2 bonds As a 
result, the unsaturated acids contam less hydrogen than the satu 
rated The most important one m animal fat is oleic acid, 
Cj H33COOH Linolemc acid, C1-H2VCOOH, found in linseed 
oil, and linolic acid, C17H31COOH, found in cottonseed oil, are 
also unsaturated 

CiiARACTEJUsnc PraPEBiiEs Fat can be changed into fatty 
acids and glycerol, and xice \ersa The one is a process of by 
drolvsis, the other, of condensation This is a very important 
reaction m nutnhon It is isothermic and so does not require 
energy 

CH2OII CHjOOCCjlIv 

CIIOII + SCjlljCOOU w ClIOOCCjH, + 3 HjO 
CHaOn CnjOOCCsH, 

Fats arc soluble in ether, in oils, in oil, matenals, and in oleic 
acid Thci also eimilsity seiy easil, These properties are of 
great importance in nutrition. 
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References for Further Study 

Functions of Fats. The fats are used in the animal body as a 
source of fuel. They are a concentrated form of fuel, containing 
much more energy per unit dian any of the other nutrients. Since 
this is true, tliey are well adapted for the storage of reserve energy 
in the body, for which function they are used. They also have, 
to a limited degree, certain structural functions. 
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Tlie Work 
of Digestion 


The animal body secures all the nutrients for its grow th from 
solutions of the food, much in the same way that plants secure all 
the nutrients for their growth from water solutions m the soil 
The process of preparing the food ingredients for passage mto 
the blood stream is known as digestion It is a process that re- 
quires, first, that the food be broken down b> mechanical means 
into %er> small particles, and second, that the complex molecules 
be broken down mto simple ones so that the soluble portions 
can be separated from the insoluble, and the latter ehmmated 
from the body In this process the carbob> drates are broken 
doNvn mto monosacchandes or organic acids, the fats mto fatty 
acids and gl>cerol, and the protems into ammo acids In every 
step a larger, more complex molecule is broken down mto a 
smaller, simpler one This change is brought about Iargel> by 
the digestive enzjmes Many other reactions in the bod> are 
dependent on enz>'me action. 

ENZYMES 

Enzjmes are organic compounds of unknown chemical struc- 
ture that have the power to change or break down other organic 
compounds without themselves being changed or broken down 
dw w. netf ■atA.ion VcA 

are merely agents which control the rate at which chemical re- 
actions take place The most important reaction that they con- 
trol is h>droljsis however, some enzjmes control oxidation and 
others control reduction 

Enz>Tnes are sensitive to heat and can be destrojed if heated 
above a certain temperature Some work best m an acid medium, 
2C 
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The Alimentary Canal 

others act only in an alkaline medium. Each enzyme of digestion 
is capable of acting only upon one kind of material; in other 
words, there is a specific enzyme for proteins, a specific enzyme 
for carbohydrates, and a specific one for fats. There are four 
groups of digestive enzymes: namely, the amylases, which act on 
starch; the invertases, which act on the disaccharides, tlie pro- 
teases, which act on the proteins; and the lipases, which act on 
fats. These are secreted in fluids by numerous secreting glands 
that are essential parts of the organs of digestion. 

HORMONES 

It has been found also that many of the body processes are 
controlled and regulated by substances called hormones or inter- 
nal secretions, which are secreted by the endocrine glands, also 
called tine ductless glands. These secretions are discharged di- 
rectly into the blood stream or into the lypmh, from which they 
enter the blood stream indirectly and not through a duct like 
some of the digestive juices. They act as chemical messengers 
to various parts of the body. These hormones perform important 
functions in growth, digestion, metabolism, milk secretion, the 
“let down” of milk, and the development of sex, as will be seen 
in later chapters. 

Tile more important glands of internal secretions are the thy- 
roid gland, the parathyroid gland, the pituitary body, the adrenal 
glands^ the pancreas^ and the sex glands. 

THE ALIMENTARY CANAL 

The alimentary canal of the ruminants, which include the 
dairy animals, is much more complex than that of other animals. 
It includes the mouth, the gullet, the four compartments of the 
stomach, the small intestine, and the large intestine. Tliese to- 
gether fonn a long, winding canal approximately ISO feet long 
in the axcrage dairy animal. The dair>’ animal has four com- 
partments of the stomach; (1) the nimen, or paunch, (2) the 
reticulum, or honeycomb; (3) the omasum, or manyplics; and 
(4) the abomasum, or tnie stomach. 
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The first three of these may be considered as an enlargement 
of the gullet and should not be considered a true stomach, al- 
though they are of great importance in the digestion of coarse 
feeds. 

Digestion in the Moutli 

The mouth is the organ of prehension, mastication, insalivation, 
and rumination. The initial process of food gathering is called 
prehension, which is the seizing and conveying of the food to the 
moutli. The strong, mobile, rough tongue is protruded from the 
mouth and gathers in the feed. In case of pasture, it is drawn 
between the lower incisor teeth and tlie dental pad above and 
then is cut off. In pasturing, the \vidth of the jaw, about 2^ 
inches, limits the wdth of the swath. The position of the teeth 
in relation to the dental pad makes it impossible for the cow to 
graze closer than about 214 inches from the ground.® The head 
of the cow moves from side to side as she moves foi^vard, the 
neck being flexed within an arc of 90 degrees. Cattle have been 
observed to graze continuously for as long as 40 minutes with- 
out raising their heads, although such a long time is unusual. 

The second process that takes place in the mouth is mastica- 
tion, which is simply the chewing of the feed preliminary to 
swallowing. This occurs between the molar teeth in the back 
part of the mouth. In this process, several objectives are accom- 
plished. The coarse roughage is broken down into smaller 
particles, some of the whole grains are crushed, and the feed is 
mixed xWth saliva, a process known as insalivation. The process 
of mastication axcites the tliree salivary glands, causing them to 
secrete a large amount of saliva, which readily mixes with tlie 
food. The amount of saliva secreted in a day’s time is enormous. 
CoUn 1 estimated that a cow secretes as much as 112 pounds of 
saliva in one day. This amount is increased if the food is un- 
usually dr>'. It is alkaline in reaction with a pH above 8, due to 
its content of sodium bicarbonate. Many of the feeds, such as 
com silage, is quite acid and it has been suggested that the inges- 
tion of such acid feeds cause an increase in tlie flow of saliva 

• Cucntfci/ Dtmfcrs /. (June, 19-18) 

1 A .Vonuo/ of Ve/ciinart/ r/i(/rfo/o#ry. Smith. 
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so that the rumen content will be maintained at the proper pH 

^\hlch has been found to range from 6 5 to 75 

The sain a of some animals contains the enzjTue pt>alm, nnicn 
con\ erts starch to sugar In daii> animals, hon e\ er, this enzy-me 
either is entirely absent or is present m a very small amount 
This is an advantage, othervvnse the sugars formed from the st^h 
mi^t be further brohen down in the paunch and vv asted The 
use of the sahv a in dairy animals, therefore, is to assist mastica 
tion and swallowing, to stimulate the nerves of taste, and to as 
sist rummalion Thus no final digestion takes place in the mouth 
The food is merelv prepared there for the later action of the 
enzy-mes in the digestiv e tract 

In the process of mastication and insahvation, a mass of feed, 
called a bolus gradually forms in the rear of the mouth At m 
tervals, this bolus is swallowed, passmg dowm the esophagus 
into the rumen It has been noted that when a cow ate whole 
com one and one third boluses per minute were formed, whereas 
with whole oats two and one third boluses were formed per mm 
ute, and vsnth ground feed three and one-quarter boluses were 
formed per minute 

The fourth process that takes place m the mouth is rumination 
After the feed has been stored in the rumen and the cow has 
completed her feeding she will usually he down and begin to 
chew her cud As already indicated the coarse rou^age was 
not well chewed before swallowing This coarse matenal is now 
forced back to the mouth by the contraction of the muscles m 
tbe rumen and reticulum This action is known as regurgitation 
Colin states that the bolus or “cud" weighs from 3 to 4 ounces 
and requires about 3 seconds to ascend and seconds to de 
scend after complete mastication The chewing of the “cud” 
occupies about 50 seconds but continues until all coarse particles 
have been thoroughly rechesNed Rumination is, therefore, a 
slow process and occupies the time of a cow for about 8 hours 
out of the 24 If an animal is alaxmed or disturbed she immedi 
ately ceases to ruminate One of the v ery first signs of ih health 
IS the suspension of nimmation 

After the food has been thoroughly masticated and mured v\ith 
saliva the act of deglutition or swallowing takes place This is 
brought about by the action of the muscles of the throat and 
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tongue, wliich force the food into the esophagus, or gullet, the 
tubelike passage extending to the stomach. The gullet of the 
cow is easily stretched, with the indirect result that animals are 
sometimes choked. Food passing into the gullet without proper 
mastication, such as an apple swallowed in large pieces, is likely 
to cause choking. 


Digestion in the Stomach 

The Rumen. As has been pointed out, die food passes from the 
mouth down the esophagus into a very important stomach called 
the rumen or paunch. This stomach has a very large capacity, 
having a breaking point of about 50 gallons. It will hold as much 
as 300 pounds of material. The rumen is divided into four sacs, 
by constrictions in the wall produced by large muscular bands. 
The interior of the organ is lined with a welhdeveloped muscular 
membrane, covered with many pointed papillae. 

The rumen has several functions. The first one is to act as a 
storage place. It holds the feed which the cow gathers during 
her grazing or eating period, and later, when she has finished 
feeding, she lies down and regurgitates the larger particles back 
to the mouth so that a more complete job of grinding can take 
place. 

The rumen also acts as a means of breaking down the coarser 
pieces of food to finer pieces so that the digestive juices can have 
a large surface to act upon. It does this in several ways. In the 
Brst place, liquid fills the longer half of the rumen, and hy means 
of a churning motion, caused by the muscular bands, the feed is 
driven down and thoroughly soaked in this warm liquid. The 
material also comes in contact with the rough pointed papillae 
that line the stomach. The coarse particles that are not thus 
broken down are returned to the mouth for further mastication. 
Tims by churning, soaking, and rcchewing, the particles are re- 
duced greatly in size. 

Tim third function of the rumen is to provide a place for fer- 
mentation. As already indicated, the saliva of the dairy cow does 
not contain digestive juices nor is there any secreted into the 
rumen, yet important changes take place in the feed during the 
period of about 12 hours during wliich it remains in the rumen. 
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so that the ramen content will be maintained at the proper pH 

which has been found to range from 6 5 to 7 5 

The saliva of some animals contains the enzyme ptyalin, w ic 
converts starch to sugar In dairy animals, however, this enzyme 
either is entirely absent or is present m a very small amoun 
This is an advantage, otherwise the sugars formed from the st^ 
might be further broken down in the paunch and vvasted 6 
use of the saliva in dairy animals therefore, is to assist mastica 
tion and swallowing, to stimulate the nerves of taste, and to as 
sist rumination Thus no final digestion takes place in the mouth 
The food is merely prepared there for the later action of the 
enzymes m the digestive tract 

In the process of mastication and insahvation, a mass of feed, 
called a bolus gradually forms in the rear of the mouth At m 
tervals, this bolus is swallowed, passing down the esophagus 
into the rumen It has been noted that when a cow ate whole 
com, one and one third boluses per minute were formed, whereas 
with whole oats two and one third boluses were formed per min 
ute, and with ground feed three and one quarter boluses were 
formed per minute 

The fourth process that takes place m the mouth is rumination 
After the feed has been stored m the rumen and the cow has 


completed her feeding she wiH usually he dowm and begin to 
chew her cud As already indicated, the coarse roughage was 
not well chewed before swallowing This coarse matenal is now 
forced back to the mouth by the contraction of the muscles m 
the rumen and reticulum This action is known as regurgitation 
Colin states that the bolus or ""cud"* wei^s from 3 to 4 ounces 
and requires about 3 seconds to ascend and 11^ seconds to de 
scend after complete mastication The chewing of the “cud” 
occupies about 50 seconds but continues until all coarse particles 
have been thoroughly rechewed Rumination is therefore, a 
slow process and occupies the time of a cow for about 8 hours 
out of the 24 If an animal is alarmed or disturbed she immedi 
ately ceases to ruminate One of the very first signs of ill health 
IS the suspension of rumination 


After the food has been thoroughl) masticated and mived watb 
saliva the act of deglutition or swallowing takes place This is 
brought about bv the action of the muscles of the throat and 
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tongue, which force the food into the esophagus, or gullet, the 
tubelike passage extending to the stomach. The gullet of the 
cow is easily stretched, with the indirect result that animals are 
sometimes choked. Food passing into the gullet without proper 
mastication, such as an apple swallowed in large pieces, is likely 
to cause choking. 


Digestion in the Stomach 

The Rumen. As has been pointed out, die food passes from the 
mouth down the esophagus into a very important stomach called 
the rumen or paunch. This stomach has a very large capacity, 
having a breaking point of about 50 gallons. It will hold as much 
as 300 pounds of material. The rumen is divided into four sacs 
by constrictions in the wall produced by large muscular bands. 
The interior of the organ is lined with a well-developed muscular 
membrane, covered with many pointed papillae. 

The rumen has several functions. The first one is to act as a 
storage place. It holds the feed which the cow gathers during 
her grazing or eating period, and later, when she has finished 
feeding, she lies down and regurgitates the larger particles back 
to the mouth so that a more complete fob of grinding can take 
place. 

The rumen also acts as a means of breaking down the coarser 
pieces of food to finer pieces so that the digestive juices can have 
a large surface to act upon. It does this in several ways. In the 
first place, liquid fills the lower half of the rumen, and by means 
of a churning motion, caused by the muscular bands, tiie feed is 
driven down and thoroughly soaked in this warm liquid. The 
material also comes in contact with the rough pointed papillae 
that line the stomach. Tlie coarse particles that are not thus 
broken donm are returned to the mouth for further mastication. 
Tlius by churning, soaking, and rcchewing, the particles are re- 
duced greatly in size. 

The third function of the rumen is to provide a place for fer- 
mentation. As already indicated, the saliva of the dairy cow does 
not contain digestive juices nor is there any secreted into the 
rumen, yet important changes take place in the feed during the 
period of about 12 hours during which it remains in the rumen. 
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These changes take place as a result of the action of bactena and 
% casts, which are plants, and one celled animals called Protozoa, 
all of which grow in great numbers in the rumen content The 
temperature the food, and the moist condition proiide ideal con 
ditions for their growth and multiplication These organisms in 
tlie paunch ha\e three functions 

(a) Help Digest the Crude Fiber Enzymes secreted by 
these organisms cause the softening and disintegration of the par- 
ticles of roughage and bnng about the breakdowm of the starches 
and cellulose Tins action on the cellulose, the crude fiber of the 
feed IS of the greatest importance, sinc^onl) the organisms of the 
rumen, or enz>Tnes secreted by them have the capacity to cause 
this cellulose to be digested and broken dossm into simple sugars 
and organic acids, the final aim in digestion However, even 
these enzvmcs art unable to break dowm the material when it is 
too mature and muted with lignin 

(b) Bnu) Up CoMPLETiT Pboteins The bactena and >easts 
arc plants and, as such have the capant) of budding up proteins 
from nonprotem nitrogen containing substances into their own 
bodv As these organisms die, thev can in turn be digested bv 
the cow and used in her bodv For this reason, it is not necessarj 
to provadc the same fiuaht> of protein as for animals with single 
stomachs Compounds such as urea have been fed successfullj 
to dairv cows and probablv will be fed etlensively in the future 
whc*n its pnee is sulEctentK lower than the pnee of protein from 
plant sources 

(c) Mavltacttre the D Compli::^ ViTAvrrvs \ third func- 
tion of the rumen organisms is the production of a considerable 
amount of the vanous B-compIet vitamins This includes such 
vitamins as thiamine, nbodav in niacin pantothenic acid pvTi 
doxine, biotin B,- and others Since the organisms can manu 
factuTC them the dairv eow need not be fed these v itamins that 
arc so csstmtial to single stomach animals The dairv cow then 
IS able in htr disestivc svstem to absorb these vitamins from the 
baettna into her blood and thev then become available for the 
functions of the bodv or for inclusion into the milk It is of 
Interest to note that not all the vitamins present are absorbe-d 
from the digestive tract since some of them pass out in the feces 
It has been found tliat dned cow s feces is rich in these vatamins 
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and makes an excellent substitute for alfalfa meal in the rations 
of chicks, pigs and laying hens. 

In the fermentation process, several kinds of gases are pro- 
duced. Carbon dioxide (COo) andmetliane (CH4) are produced 
in greatest abundance, but hydrogen (H), hydrogen sulfide 
(HaS), and carbon monoxide (CO) may be produced in smaller 
amounts. Normally, these gases are passed off by the reflex action 
of belching. Sometimes, however, the cow is unable to get rid of 
this gas, and bloating results. The cause and remedy of bloating 
will be discussed later. 

The Reticulum, or Honeycomb. The reticulum, or honeycomb, 
is much smaller than the rumen, and is really the forepart of the 
rumen. In the dairy cow it has a breaking point of about 13 
quarts. Its interior is lined like a honeycomb, hence the popular 
name. It is connected with the rumen and the esophagus by 
means of the esophageal groove. In this sac, stones, nails, and 
other foreign objects may frequently be found, driven there by 
the churning movement of the rumen. Sometimes nails or wire 
penetrate the heart from the reticulum, causing the death of the 
animal. 

The contents of the reticulum are fluid and alkaline. There is 
no secretion from the walls of tliis stomach, and as a result, it 
has no true digestive power. Its function has not been fully 
demonstrated, but it seems to assist in passing the bolus up the 
esophagus and in regulating the passage of the food from the 
rumen to the omasum and from the rumen to the esophagus. 

The Omasum, or Manyplics. After the food has been thor- 
oughly masticated and broken do^vn it goes directly to the 
omasum. This is a peculiarly shaped organ with a breaking 
point of about 20 quarts. Tlie omasum, like the reticulum and 
rumen, possesses no secretive powers but consists of powerful 
muscular leaves that squeeze the water out of the food that it 
receives. Some of this water is absorbed by the organ, but most 
of it passes directly to the abomasum, or true stomach. The solid 
portion remains in the omasum to be further acted upon by the 
leaves. These leaves are covered with papillae which become 
shorter, thicker, and stiffer as the food advances. The movement 
of the leaves is not simultaneous, but successive, in such a way 
that the rasping of the food is continuous, so that the food is 
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ground finer and finer until it enters the abomasum WTien ill 
ness occurs, lummation ceases, thus cutting off the chief supply 
of fluid to the omasum The content then becomes drv and 
sometimes calces, resulting in a condition m which it is prac 
tically impossible to pass am'thing through the animal From 
the omasum the food passes directlj into the abomasum 
The Abomasum, or True Stomach This organ, which has a 
breaking point capaat) of about 20 quarts, is the true digestive 
stomach of the cow The w'alls of this stomach secrete the 
gastric juices which contain less than 05 per cent of hvdrochlonc 
acid, and the two enzjTTies, pejism and rennm Pepsin can act 
onl> in an acid medium hence it is the function of the h>dro 
chloric acid to change the alkalme condibon, which the food has 
maintamed up to this point, to an acid one Pepsin acts on the 
proteins and breaks them down uito simpler compounds, mainlj 
peptones and proteoses, but does not break them down mto 
ammo acids 

Rennm is an enzj-me that curdles mflk, and is therefore verv 
important m joung calves that are fed milk If it were not for 
the action of the rennm, the milk might pass through the diges 
tive tract without being acted on bv the other digestive enz>Tnes 
Digestion m the stomach is sometimes spoken of as a process 
of chi-mification, smee the pulp> mass of semihquid food that is 
read> to pass from the true stomach to tne intestmes is spoken 
of as ch>Tne, and m the intestines it is called cbjle The opening 
of the stomach mto the intestines is controlled b> a sphmeter 
muscle, which, m turn is controlled b> the reaction of the chvme 
^Vhen the chjTne within the stomach becomes acid to a certam 
degree, this sphincter muscle relaxes and allows some of the 
ch)'me to pass through into the intestines \fechanical stimula 
tion may also hav e some effect in keeping this muscle rigid 

Digestion in the Intestmes 

The intestmes are composed of two well-defined parts, the 
small and the large intestine The small mtestme is a long, folded 
tube uito^which the stomach empties Its length in the cow is 
about 135 feet, and it has a capacit> of about 40 quarts The 
walls of the mtestines are covered with very small, fingerhke pro- 
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jections called villi, which have a lashing movement, thus help- 
ing to mix the content of the intestines. The chyle is carried 
along in the intestines by a peristaltic movement Tliis is a wave 
of constriction followed by a wave of relaxation. The chyle 
moves very slowly, and the digestive juices have plenty of time 
to do their work. The upper part of the intestinal tract is special- 
ized for secretion, and the lower part for absorption. In the in- 
testines, the chyle comes into contact with three digestive juices : 
the pancreatic juice, the bile, and the intestinal juice. 

The Pancreatic luice. The pancreatic juice is a clear, watery 
fluid with an alkaline reaction. It is secreted by the pancreas, or 
sweetbread, which is a slender gland lying just below the 
stomach. Careful experiments have shown that the pancreatic 
juice flows only when chyme is coming from the stomach. This 
chyme is acid in reaction. The acid, acting on the mucous mem- 
brane of the lining of tlie intestines causes it to form secretin, a 
hormone which is absorbed into the blood and carried to the 
pancreas, which it stimulates to secrete the pancreatic juice just 
when it is needed. In this way the organs of digestion are made 
to work in harmony. The pancreatic juice contains three 
enzymes: trypsin, amylase, and lipase. Trypsin is a protease and, 
like pepsin, acts on the proteins, converting them into proteoses 
and peptones and breaking them up to a certain extent into 
amino acids, in which form the protein can be taken up by the 
animal body. Trypsin will not work on the protein until it is 
made active b>' coming in contact with the enzyme enterokinase, 
which is secreted by the intestinal walls. Amylase converts 
starches into maltose. In a ruminant, such as the dairy cow, it is 
undoubtedly used more largely than in a nonruminant, where 
ptj’alin has a greater effect. Lipase separates the fat into fatty 
acids and glycerol, thus enabling them to pass through the walls 
of the intestines. Some of the fatty acids unite with the alkalies 
in the bile and fonn soaps, a form in which they are soluble. 

Tlic Bile. The bile is the thin, yellowish-brown, or greenish 
liquid secreted by the liver. It is alkaline in reaction and changes 
the reaction of the ch)Tiie as it comes from the stomach from an 
acid to an alkaline or neutral one. Bile is stored in the gall 
bladder and flows only when required. It is stimulated by a hor- 
mone in the same manner as the pancreatic juice. Bile docs not 
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contain any digestive enz>Tnes, but it does greatly aid digestion 
It IS useful in emulsifying the fats, breaking them up into very 
small globules, and thereby greatly increasing the surface area so 
that the lipase can work on them more easily It furnishes salts 
that may combine with fatty acids, dius forming soaps, in which 
form fat can be taken up by the body It also helps dissolve the 
soaps and fatty acids If bile is excluded, the digestion of fat is 
reduced and this m turn retards the digestion of carbohydrates 
and proteins One of the acids that bile contains taurocholic, 
accelerates the peristaltic movement of the intestines Colin 
states that the cow secretes approximately 5 7 pounds of bile in a 
day 

The Intestinal Juice The mucous membrane of the intestines 
IS lined with glands that secrete the intestinal juice, also known 
as the succus entencus This fluid contains several enzymes the 
most important of which are erepsm a proteolytic enzyme and 
the invertases, namely, sucrase, maltase and lactase It also con 
tains enterokmase the principle that activates trypsin 

Erepsm acts on the proteoses and the peptones which base 
been broken dosvn from the proteins by the pepsm and trypsin, 
and further breaks them down to simple ammo acids It cannot 
act on protein that has not already been broken down to the 
proteoses and peptones 

Sucrase maltase and lactase comert the cane malt, and milk 
sugar into the simple sugars Sucrose is broken douzi into one 
molecule of glucose and one molecule of levulose maltose, into 
two molecules of glucose, and lactose, into one molecule of glu 
cose and one of galactose These enzjmes do not act upon the 
starch 

The Large Intestine IVhen the content of the small intestine 
reaches the large intestine it still contains undigested food The 
food remains in the large intestine a relatively long time, thus 
permitting the digestive iirocesses started in the small intestine 
to continue and also permitbng complete adsorption of all di 
gested food In the large mtestme the food undergoes a great 
deal of bactenal action Putrefaction takes place causing the 
offensive odor of the feces and often setting free large quantities 
of poisonous products No digestive fluid is secreted in the large 
intestine, but many katabolic products are there returned to the 
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digestive tract. Often the food remains in the large intestine 
for some time and becomes more solid, much of the water being 
absorbed. It is finally passed out tlirough the anus as feces. The 
feces consist of the undigested residue of the feed, the remains 
of the digestive secretions, waste material resulting from wear 
and tear on the digestive tract, certain excretory products, and 
the bacterial flora. 


Chemistry of Digestion 

Water requires no digestive process. It is simply absorbed by 
the capillaries of the villi of the entire digestive tract. The 
mineral matter also passes into the blood stream probably witliout 
being acted upon by digestive enzymes. Some of the minerals 
may be taken up in organic combinations, but most of them are 
brought into solution, to a greater or lesser extent, by the hydro- 
chloric acid of the gastric juice or by other agencies. 

The proteins are first acted upon by the pepsin of the gastric 
juice in the abomasum. They are there broken down to proteoses 
and peptones. The trypsin of the pancreatic juice also breaks 
do\vn proteins and converts them chiefly into proteoses and pep- 
tones, although it may convert some of them into amino acids. 
The erepsin of the succus entericus works on the proteoses and 
peptones and converts them into amino acids, which are the final 
products of protein digestion. 

Of the carbohydrates, the starch is broken down to maltose by 
the enzyme amylase. The compound sugars are then converted 
into the simple sugars by the invertase enzymes, maltase, lactase, 
and siicrase— maltose forming two molecules of glucose; sucrose, 
one molecule of glucose and one of levulose; and lactose, one 
molecule each of glucose and galactose. The cellulose and pento- 
sans, liowever, are not attacked by the enzymes secreted by the 
walls of the digestive tract. The digestion of the cellulose and 
pentosans is a process of fermentation, brought about by enzymes 
secreted by bacteria which accompany the food. This occurs in 
the paunch. The products of fermentation are g.ises, such as 
methane and carbon dioxide, which cannot be used as food, and 
sugars and organic acids, such as but>Tic, acetic, and lactic, which 
may be taken up and used as food. 
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The fats are not actal upon to an) tttcii! until tlic> reach the 
small intestine Here tho) arch\<lrol\-7td into gl>ctrol anil fatt> 
acids b> the enzvTne hpnse, which is secreted in the pancreatic 
juice The bile causes emulsification to take place If an> frie 
alkah IS m the digests c tract U nia) unite with the fatl> aculs, 
comertmg them into soap, hut not all the fattj acids arc con- 
verted into soap 

The process of digestion is complete when the protiins have 
been converted into ammo acids, the starches into simple sugars, 
and fats into gl>ccrol and fatty acids 


Digestibility of rooiUtulTs 

The word "digestion" is used to include all the processes neces- 
sary for the conversion of food into the soluble forms in which it 
IS assimilable However, not all the food can he converted into 
soluble forms so that it can he absorbcil To dele rmme what por- 
tions of a food may he absorbed, digestion tnals arc run For 
this purpose it is necessary to anal)*7e tho fooils consumed and 
the feces excreted, tho difference between what Is fed and what 
IS excreted is said to be the digestible food The coefficient of di- 
gestibility IS the percentage of food that is digested Tlie sheep 
and the steer have been used more often than anv other animals 
in digestion tnals for (he determination of the cocfncicnt of di 
gestibility The dairy covv has not been used so often because 
It IS difficult to harness her in such a way that tlic Iiquiil yiortfon 
of the excreta is kept separate from the solid portion \M)en 
dairy cows are used it is essential that they be watched constantlv 
m order to mahe such separation Tor the proper conduct of a 
digestion trial, samples arc taVen for from 6 to 10 day s after a 
preliminary penod of 2 weeks It is necessary tint several days’ 
collection of excreta be taken m order that a satisfactory av crage 
may be secured Aliquot portions of tbe daily excreta arc sax ed 
and composited for the final sample 

To illustrate how the digestibility of a feed is determined, let 
us assume that during a digestion experiment a cow consumed 
3000 grams of timothy hay, analyzing 7 per cent protein, 34 per 
cent fiber, 50 per cent nitrogen free extract, and 1 8 per cent ether 
extract During the tnal the cow excreted 1300 grams of feces. 
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which analyzed 10.0 per cent crude protein, 35 per cent crude 
fiber, 46 per cent nitrogen-free extract, and 2 per cent ether 
extract. 

From these figures it can be calculated that the amount of the 
feed digested and the coefficient of digestibility of the dry matter 
of timothy is as shown in Table VI. 

TABLE VI 

Amount ofNutrieints Fed, Excreted, and Digested, and Coefficient 
or Digestibility op Dry Matter in Timothy Hay 

Nitrogen- 



Crude 

Crude 

Free 

Ether 


Protein, 

Fiber, 

Extract, 

Extract, 


grams 

grams 

grams 

grams 

Timothy hay 

210 

1020 

1500 

54 

Feces 

130 

455 

598 

26 

Digested 
Coefficient ot 

80 

SC5 

D02 

28 

digestibility 

38.1 

55.4 

CO.l 

51.8 


It is assumed that tlie feces contains only undigested food. 
Tliis is not strictly true, since many metabolic substances are 
added from the blood and from the excretions that enter the di- 
gestive tract, and there is no method of determining these meta- 
bolic products; hence, that which is really apparent digestibility 
is called digestibility. Since some of the minerals, especially 
calcium, phosphorus, iron, and part of magnesium are excreted 
mainly through the intestines, this method cannot be used to de- 
termine their digestibility or absorption. 

Total Digestible Nutrients. To find the percentage of digest- 
ible nutrients in a feeding stuff, the percentage of each nutrient 
is multiplied by the coefficient of digestibility for that nutrient. 
As an example, the analysis of timothy hay and the coefficients 
given in Table VI will be used. The results arc given in 
Table VII. 

The total digestible nutrients of any feeding stuff is deter- 
mined by taking the sum of tlic digestible crude protein, the di. 
gesliblc carbohydrates (crude fiber and nitrogen-free extract). 
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TABLE YII 

The Composition, Coeitictent or DiGEsTiiULiTr and I)ioisTini.r 
Nutrients of the Dry Mattfr or Timothy JIay 



Crude 
Protein, 
per cent 

\naUsw of limoUiy 

7 0 

Coefficient of digeslibilitj 

38 1 

Digestible nutrients 

2 C7 


Crude 

Nilrogcn- 

Frct 

F.lber 

Idler, 

Estnicl. 

Extract. 

per cent 

per cent 

per cent 

31 

50 

1 8 

55 4 

CO 1 

51 8 

18 8i 

SO 05 

0 03 


and 2’4 times the digestible fat (ether extract). In the fore- 
going example it s\ould be 


2 07 4- 18 8i 4- 00 03 + 2^(0 03) = 53 05. 

There would therefore be 5363 pounds of total digestible nu- 
tnents m 100 iwunds of the sample of timoth> ln> 

The total digestible nutrients (T D N ) arc simply the nutnents 
of the feeding stuff converted into carboh>dratc equivalents On 
an average, fat contains about 2*4 times as much energy as carbo- 
hydrates, and protein contains about the same amount as car- 
bohydrates 

Since protein has certain functions that cannot be performed 
b> the other nutnents, the percentage of digestible protein is 
given in the tables, along with that of the total digestible nu- 
tnents, although it should be borne m mind that the digestible 
protein IS included m the total digestible nutnents 

Factors Influencing Digestibility. Several factors influence di- 
gestibility Animals of different speaes vary widely in the per- 
centage of food digested, but animals of the same species are 
nearly the same in this respect There is very little difference 
between the vanous breeds of dauy cows The main differences 
are mdividual and are due to faulty teeth, diseased digestive 
organs, mteslinal worms, etc , but these differences rarely exceed 
3 or 4 per cent In the young calf the first three parts of the 
stomach are not well developed, and until the calf is old enough 
to eat roughage it cannot ruminate and properly develop the first 
three compartments After the stomach is fully developed, the 
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age of the animal seems to have but httle influence on the per- 
centage of food digested Heavy feeding seems to decrease the 
digestibility of the feed, probably because of the greater bulk, 
the relatively rapid passage through the digesti\ e tract, and the 
consequent less time for the bacterial fermentation Roughages, 
especially when overripe are as a rule less digestible than con- 
centrates, because large amounts of crude fiber and lignm in 
such feeds tend to protect them from the action of the digestive 
juices It has also been observed that when cattle are fed ^ ery 
poor rations consisting of straw, cornstalks, or other feeds of hke 
nature, the bacteria flora of the paunch becomes very low, or in 
other words these bacteria, yeasts, and Protozoa must be fed 
suitable nutrients if they are to be helpful in digesting the feed 
Palatabihty may have some effect on digestibility, since it has 
been shown that palatabihty influences the secretion of the di- 
gestive juices Feeders practice cooking, soaking, grinding, and 
the use of condiments, with the idea of increasing digestibiht} 
Grinding does increase digestibility, especially of hard seeds, 
which otherwise would go through the digestive tract unbroken 
Gram should, therefore, be ground when fed to dairy cows The 
cutting of roughage or the soaking of feeds apparently does not 
increase digestibility 
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7 Ellenbcrgcr and Scbnoidcr Exercise as a Factor in Digestion Trials 
avatb Daily Cows, Vt Exp Slo Bill 262 (1927) 

8 Perkins and Monroe, Effect of High and Low Protein Content on tlic 
Digestibility and ^^etabolIsm of Dairy Rations, Ohio Fxp Sta Uti! 376 
(1921) 

9 Nevens Effect of Fasting and the Mcthwl of Preparation of Fr«Is upon 
the Digestive Process in Diiry Cattle, J Apr Research. 30 777 ( 192S) 



42 Tlic Work of Digestion 

10 \fe3d and Goss, nummant Digestion Roughage, J. Dairy Scf, 

18 163 (1935) 

11 Ma>-nard, Animal Nutrition, 1931. 

12 Gall and Others, Rumen Bactena in Cattle and Sheep on Practical 
Farm Rations, J An Set , 8 441 ( 1949) 

13 Burroughs and Others, Preliminary Ohscrsations upon Factors Influenc- 
ing Cellulose Digestion by Rumen Microorganisms, / iVuIntton, 40 9 
(1950) 

14 Huflman, Role of the Ritmen In tlie Nutrition of the Ruminant, Sci 
Monlhh. 6G 342 (1918). 



4 

The Use of Food 
in the Body 


ABSORPTION 

The food within the intestines is spread out in thin layers over 
the intestinal surface. The surface is increased many times by 
the fingerlike projections, called villi (singular, villus), that line 
the walls of the intestines. Each villus is supplied with an artery, 
a vein, a capillary, and a lacteal. The mucus of the villi is very 
thin. Tlie Wlli are able to expand and contract and thus take up 
the material from the intestines like a sponge. Just how the food 
is taken up by the body is not fully kno%vn. The laws of diffusion 
and osmosis explain to a large extent the theory of absorption, yet 
it is believed that living protoplasm is essential to this process. 

The food can enter the blood stream in either of two ways: by 
the portal vein and the liver, or by the lacteals into the lymphatic 
circulation which empties into the blood from the thoracic duct. 

The amino acids resulting from the breaking down of the pro- 
teins pass through the cell wall unchanged and enter the blood 
stream by the portal vein. The simple sugars and organic acids 
also enter the blood stream by the portal vein. Tlie fatty acids 
and glycerol are changed back to glycerides as soon as they enter 
the body. These glycerides then go into the l>Tnph system in a 
very fine state of emulsion and later enter the blood stream by 
way of the thoracic duct. After a meal rich in fat, the chyle in 
the lymph system, flowing away from the digestive system, is 
white in color. Although a large part of the absorption lakes 
place in the small intestine, some of t!>c nutrients also enter from 
the large intestine. 
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CIRCULATION 

The Blood In the process of digestion the food is con\ ertcd 
into simple compounds which must be carried to the parts of the 
body where they are needed This is done b> means of the blood 
circulation The central organ of the circulation is the heart 
which IS divided into four quarters The nutrient nch blood 
coming to the heart enters the right auricle and from there is 



tinct \eiiis carry the blood baclc to the heart {Turner) 

forced into the right ventncle This contracts and forces the 
blood out through the lungs where it is relieved of its carbon di 
oxide and tabes on a supply of oxygen The blood then returns to 
the left auncle whence it is forced into the left ventricle which 
by contractmg powerfully drives the blood through the aorta 
and the subdividing arteries to all parts of the body The arteries 
divide repeatedly into smalfer branches and finally carry the 
blood to the capiUanes It is through the capillanes that the cells 
receive their supply of oxygen and food and unload their waste 
products From this point the blood returns to the heart through 
the V ems 

The blood has many important functions among which are the 
carrying of digested food from the digestive tract to the tissues 
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the carrying of oxygen from tlie lungs to the tissues, and the carry- 
ing away of all waste products of the cells to the proper place of 
disposal. The blood serves to keep the heat of the body evenly 
distributed, and it transfers water from one part of tlie system to 
another. All internal secretions are carried by the blood. 

The blood is a red, opaque, rather viscous fluid. It is alkaline 
in reaction. The shade of red depends upon whether the source 
of the blood is an artery or a vein. According to Sussdorf,® blood 
forms about 7.7 per cent of the weight of a living cow’s body. It 
is composed of serum, red corpuscles, white corpuscles, blood 
platelets, and fibrin. The number of red corpuscles in tlie blood 
is enormous, being estimated at 4 to 6 million per cubic mOli- 
meter. They contain as a characteristic ingredient tlie conjugated 
protein hemoglobin. The hemoglobin carries the oxygen from 
the lungs to tlie tissues, the blood serum carrying the food. 

The Lymph. The body cells are not closely packed together 
but are surrounded by a colorless, transparent fluid known as 
lymph From it, by osmosis or in other ways, the cells receive 
their food, and into it they deposit their waste. The lymph in 
turn is separated from the blood only by the thin walls of the 
capillaries, tlirough which the bmiph is supplied with food 
and eliminates its waste. The bmph spaces unite to form the 
bmphatic system, which empties into the jugular vein in the 
lower left side of the neck. 

METABOLISM 

The cell, as defined by Armsby,f is the biological unit of life. 
The cells are the laboratories of the body, witlun which c\lensi\e 
chemical reactions take place. In them the food is either built up 
into body tissue or broken down to .scrx'c as a source of cnerg}', as 
the case may be. Tlie sum total of the chemical changes which 
the food undergoes in the body is known as mclahohsm. Those 
processes by uliich simple materials arc built up into more com- 
plex ones arc spoken of ns nnabo/ism; those by which li\ing m.it- 
ter is broken down into simpler substances arc spoken of ns J^ata- 
hohsjii, Whcre.is digestion is ch.aracten7ed by In droJyscs, rnetab- 

• A .Xfnmirtf of VctrrtncTv rh\jslolos:ij. Smith 

1 The .Vu/riffmi of h'arr\ Anlmalt, ArmAiy 
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ohsm m general is characterized b> oxidation, although other 
forms of reaction are common Tlicse reactions are thought to 
be brought about b\ intercellular enzj mes which are present in 
ever) cell and are able to alter the aclocit) of chemical reactions 
and thus to beep the mechanism of the bod) running smoolhl) 
The final end and aim of metabolism is to suppl> energ) for 
the vital activities of the bocJv Tlie demand for energv is the 
controlling factor in the actuatics of the cells 
Ash Metabolism Ver) little is knowai concerning the metab- 
olism of ash As previous!) pointed out, mam of the ash in 
gredients are essential to the vital processes of llie animal bod) 

It ma) be assumed that tbc) enter the bod) cither in solution as 
inorganic salts or in combination with organic substances It has 
been found that sulfur is taVen into the bod) largtl) in organic 
combinations and is built up in the bod) as such Inorganic sul 
fur cannot be used b> the animal Phosphorus is probabl) taken 
into the body as phosphoric acid Phosphorus along with cal 
cium constitutes a large part of the bones, but it is also found 
in man) other parts of the bod) and in organic combination Tlie 
cells seem to be able to use inorganic phosphorus for budding up 
organic compounds At least two other ash ingredients enter into 
organic combinations within the animal body Tlie) are the iron 
of the hemoglobin and the iodine of Uie tb) 70 jd gland Little is 
known concerning the metabolism of any of the other ash in 
gredients, but it is thought that they go into solution and are 
taken up and used in that manner 

Protein Metabolism As previously noted, the proteins are 
absorbed in the form of ammo acids These are earned m the 
blood to the parts of the body where they are needed, and there 
they are built up into new proteins peculiar to the tissues in w hich 
they are formed and different from the proteins from which they 
were derived Each individual cell seems to have the power of 
budding up these compounds through a condensation process 
Here they are used m the repair and synthesis of tissue 

In the katabohsm of proteins two general stages are recognized 
The first stage is one of hydrolysis by which the protems are 
broken down into ammo acids in the second stage the nitrogen is 
split off from these acids as ammonia This process is known as 
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deaminization. The ammonia resulting from it is rapidly con- 
verted into urea or, in the Herbivora, largely into hippuric acid, 
in which form it is excreted from the body by means of the 
urine. The residue of the amino acid, after the removal of the 
ammonia, is closely related chemically to both the carbohydrates 
and the fats, and may, like these, be used to supply energy, or, as 
has been shown with some of the amino acids, may be converted 
into glucose. It is probable that fat can be formed from protein, 
but the amount of fat thus formed under normal conditions is in- 
significant. All tliese reactions are supposedly brought about by 
intercellular enzymes. 

The nonprotein nitrogen-containing material, consisting chiefly 
of amides and amino acids, probably enters the body in the form 
of amino acids and is used as such. 

Carbohydrate Metabolism. Glucose, levulose, and galactose 
pass through the portal vein and are carried to the liver and tissue. 
Here, by a process of condensation, they are changed into a 
polysaccharide, glycogen. The liver acts as the principal store- 
house of glycogen, although some of it is stored in the tissues. 
As much as 10 to 15 per cent of the weight of the liver may be 
glycogen, and about one-half of this amount may be stored in 
the tissues. No glycogen is found in tlie blood. If more glucose 
is provided than the liver and muscles can take care of at once, 
it is eliminated through the urine. The amount of glucose in the 
blood is from 0.1 to 0,2 per cent, but remains remarkably constant 
and seems to be regulated by the supply stored in the liver and 
tissues. If the supply of glucose from the intestine is insufficient 
to maintain the normal supply in the blood, the glycogen is 
changed by hydrolysis into glucose, and thus the supply of glu- 
cose in the blood is kept constant. It is believed that this reaction 
is brought about by intercellular enzymes. A hormone (insulin) 
produced by the pancreas is required for the oxidation of the 
glucose in the body. The removal of the pancreas results in the 
loss of glucose through the kidneys, as in diabetes. Mucli of the 
energy used by animals to warm their bodies, to do muscular 
Work, and to produce milk comes from the oxidation of glucose 
ond the simple sugars. In ordinary' feeding stuffs, one-haU to 
Iwo-thirds or cxen more of the oxidizable material consists of 
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carbohydrates, which when digested are taken up as simple 
sugars Also, about CO per cent of the protein and 10 per cent 
of the fats are believed to be comerted into glucose in the course 
of metabolism 

According to Shaffer,' glucose may be burnt during metabolism 
into carbon dioxide and water, with or without an intermediate 
conversion into glycogen, or it may be converted into fat by re- 
duction The path of glucose metabolism is through a senes of 
reactive compounds, and it is these subslinces resulting from 
molecular rearrangements that arc finally oxidized, liberating 
energy, or are syntliesizcd into fat and other substances Jordon 
and Jenter 1 have demonstrated lint with dairy cows much of 
the milk fat is produced from carbohydrates 

The organic acids resulting from the fermentation of the ccllu 
loses and pentosans enter the body without change The lactic 
and acetic acids can be used directly for energy, and the others 
are probably changed into forms in which they can be used 
Fat Metabolism The fatly acids and glycerol, upon entenng 
the ly-mphatic circulation, arc changed back to glycerides and in 
this state are carried as a fine emulsion through the thoracic duct, 
which empties into the blood stream in the neck Just how the 
blood carries the fat is not fully known Bloor 1 states that the 
red blood corpuscles take up the fat from the plasma and trans- 
form it into lecithin and that lecithin is an intermediate step in 
the metabolism of fats Gage and Fish § were able to follow 
the very minute particles of fat emulsion, which they call chyle 
microns, m the blood through the entire body, by the aid of a 
high power dark field microscope They found that these par- 
ticles appeared in the blood */, to 114 hours after eating and that 
after 6 to 8 hours they had disappeared from the blood They 
also found, by means of dyes, that the source of the fat m the 
imlk of dairy cows was not the fat in the food, although it seemed 
to be m the goat and some other animals 

The fat is stored m the adipose tissues and can be used as a 
• Phyiwl Rev , 3 394 
1 N Y Exp Sta Bui 132 
J J Biol Chem , 24 449 
5 Am ] Aruif , 34 1 
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source of energy when needed. It has been shown that, when the 
food supply is inadequate, the stored fat is drawn upon for the 
support of the internal activities of the body and as a source of 
energy. The exact chemical changes that take place are not 
known, but it is probable that different lipase enzymes which are 
wdely distributed in the body break up the fat into glycerol and 
fatty acids, which are then oxidized. The final products of this 
oxidation are carbon dioxide and water. Whether fat can be 
converted into glucose is not fully known. It is thought, however, 
that at least the glycerol part can be so converted. 

PATHS OF EXCRETION 

The vital activities of the body lead to the formation of prod- 
ucts that must be removed. The most common of tliese are car- 
bon dioxide, water, urea, and some mineral ingredients. An ac- 
cumulation of such products tends to stop the vital activities of 
the cells. 

Carbon dioxide is mainly given off through the lungs, but a 
small amount is excreted through the skin. It is carried to the 
lungs by the blood. Water is removed by evaporation from the 
lungs and from the surface of the body. According to Armsby,® 
a lOOO-pound steer, at an ordinary temperature and on light feed, 
may easily excrete through the lungs and sldn 8 to 10 pounds of 
Water in 24 hours. The feces also contain a large amount of 
Water. Water is likewise excreted in the urine, ser\'ing as a 
solvent for tlie nitrogenous products of cell activity. 

The urea and other nitrogenous materials that result from 
protein katabolism are excreted mainly through the urine. Most 
cf the mineral ingredients, especially sulfur, chlorine, and the 
^ll^alics, are also excreted through the urine; the intestines, how- 
e'er, are the usual path of excretion of calcium, phosphorus, iron, 
^ud, to some extent, magnesium. 

* 1*110 iVuMf/on of Farm Animals, Armsby. 
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.„v<INATION or THE USE OF FOOD 
DETEB'ENAI^U the body 

r n.rMlibilily tells ‘he percentage of the food 

The coefficient of 

,hit IS 0 ,e nutrients after they are once within the body, 

animals inal-e ^ U> a complete balance of nutrition in 

This lias to be oc Ijalancod against (he entire outgo The 

wliicli the entire m ,ndudes the feces, 

intaVe includes a ^ measuring each of these, it is possible 

urine, gases, an ^,.^55 energy of the feed 

to determine es ) growth, fattening, worh, or 

the animal lias^ 

miffi P™‘'‘‘'*'°t,on Calorimeter. Several forms of respiration ap- 
- Rcspir exact determination of the gaseous cx» 

5 oentiitt s , , , , 


Ttie 


change, hns® Pennsylvania Experiment Station, in 

calorimeter^' 

‘ ossible to combine with a determination of the re- 
1898, " a direct measurement of the heat gi\ en off by a 


nroducts a direct measurement 
sp‘”‘°t?c animal, such as the dairy cow 
^°The respiration calorimeter at the I 

^ • consists of a stall, oonstnicled of sheet copper, and large 

StatK^ to hold a cow or steer comfortably It is completely air- 
. Under the rear portion of the stall there are receptacles, 
^osed m a small, airtight chamber, for collecting the feces and 
urine which are conducted to them by means of rubber tubes 
^js chamber is closed with an airtight door The feed and water 
are put into the stall throu^ an airtight door in the front All the 
joors are hept tightly closed except when the animals are being 
fed and watered, or the excreta removed This requires only a 
few minutes each day Samples of the feed and excreta are taken 
and analyzed Exact records of their weight are also kept 

Tlie air is measured, sampled, and analyzed for water, carbon 
dioxide, and methane, both as it enters and as it leaves the stall 
The heat given off is also measured It is thus possible to deter- 
mine accurately the expenditures of an animal 
• Pa Exp Sla Bui 104 
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TABLE \111 

Daily Energy Balance of a Steer * 


Income, Outgo, 

calories calories 

0988 grams timothy hay 27,727 

400 grams linseed meal 1,811 

16,019 grams feces 14,213 

4357 grams urine 1,210 

37 grams bushings 88 

142 grams methane ...... 1,800 

Heat 11, 

Gain in body ...... 008 


20,538 20,538 


* The Nutrition of Farm Animah, Annsby. 

Table VIII shows how it is possible to compare the income 
and outgo of energy and. get the balance of eneigy by means of 
the respiration calorimeter. 

Metabolizable Energy. The animal body may l>o compared 
to a gasoline engine, requiring, first, repair mati’rial to keep it in 
good running order, and second, fuel or cncigy with which to do 
Its work. The working part of the body is fm nlslied by the water, 
protein, and ash; the energy is supplied by the carbohydrates and 
fats, although the protein also furnishes energy during its kata- 
holism. The total energy furnished in the feed is the gross 
energy. However, not all of this is available to the body, as some 
is lost in the feces, some in the urine, and some in tlie gases that 
escape from the body. The metabolizable energy is that part 
of the gross energy which is not carried off in the urine, feces, or 
gases. In other words, it is the energy that is capable of trans- 
formation in the body. 

Net Energy. It has been found by means of the respiration 
calorimeter that some energy is spent in the work of digestion. 
This is especially tme of the Ilcrbivora, since they consume a 
large amount of rough feed. Tlie metabolizable energy minus 
the energy required for the work of digestion (heat increment) 
is known ns the net energy. Armsby defines the net energy value 
of a feeding stuff as the energy remaining after the losses of 
chemical energy m the various excreta and also the energy ex- 
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pended m the processes incident to the consumption of the mate 
rial have been deducted from its gross energy 

An example of the method of determining the net energy \alue 
of a feeding substance is gi\ en m Table IX In the balance ex 

T\BLE T\ 

Determination of Net Enero \alce of Timotiit Hat * 

Dr> 

Matter Melalio- 

of IIa\ liraWc Heat Gain of 

Eaten Energi Prcxhice<{ Energy 
poinh calories calories calories 

10 “1 0812 -**68 
C 17 o'CS 80C4 ~2^0C 

Difference 4 Ot 3770 1748 

Difference per poun 1 

drj matter of I ay 03o 433 

* Tie \ utril on of Farm Anmale \nnsbj 

penments with a steer two different amounts of timothy ha>, 
both insufficient for maintenance were fed during successive 
periods 

Here the net energy of I pound of dry matter was 502 calories 
This is the amount of energy that the animal actually has left 
with which it may do work put on fat or produce milk as the 
case may be The loss of energy due to the work of digestion 
IS much greater with feeds high in fiber than m those low m fiber 
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The food that enters the bodj of the dairj cow is used not 
only for building up tissue and performing work but also for 
producing milk For milk production a large amount of food is 
necessary Tlie blood carries the food material to the udder of 
the cow, where it is collected and changed into the components 
of milk, some of which are found nowhere else m nature OnU 
a very small part of the nutrients in the blood is taken out cacli 
time that the blood passes through the udder It has been csti 
mated that about 400 pounds of blood passes through the udder 
for each pound of milk produced If this is tnic it would be 
necessary, m a cow producing 50 pounds of milk per day, that 
10 tons of blood flow through the udder daily The energy re 
quired to pump this amount of blood, which really is only a small 
part of the work of milk production, indicates that good dairy: 
cows are hard working animals 


STRUCTURE OF THE MATURE UDDER * 

The udder of a cmv is normally composed of four mammary 
glands two (the fore and rear quarter) m each half There may 
be one or more supernumerary, or extra, teats, with small glands, 
but these glands usually do not deielop The right and left 
Iialvies of the udder are separated by a distinct septum, called the 
median suspensory ligament. As viewed from the side, the 
udder should ha\e a rounded, saccular appearance with attach 
ments extending hi^ behind and earned well forward 

Upon dissection each half of the udder is found to be enclosed 
m a strong fibrous sac On the mner side where the halves join, 
• Mo Exp Sta Bult 344 and 346 
54 
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the fibers intermingle and extend upward to the abdomen, where 
an attachment is made Tins structure is known as the median 
suspensory ligament On each side of the udder are found the 



Fig 5 Cross section of the rear quarter of a cows udder (Turner) 


lateral suspensory ligaments which, together with the skin, serve 
as the chief support of the udder Any weakness in the central 
support will cause the teats to stick out, or ^strut,' as it is some 
times called, and a weakness in the lateral suspensory ligament 
causes the udder to break down 
The quarters in each half of the udder are not as distinctly 
separated as the halves However, they are divided by a very 
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Am connecve septum, irregular m outline, which permits no 

”^te®;ifc:Lrt;;einLrr«dder. 

(steak canal) which is 'U “ % '“It ’="5* This canal « 
Lot closed by a circular sphincter muscle near its outer end 
Lfis muscle senes to keep the milk in the udder, ™ j 

mes and also to keep bacteria and other forei^ material out 
thf’udder K this canal is small, or if the sphincter muscle is 
tumidly tight, the cow is a “hard milker” If this muscle is not 
held hght, the udder will leak milk and the cow will be a leaker 
The streak canal enters the teat cistern, which is the rar ity of 
the teat, mto which the milk drams naturally, and from which milk 
IS expressed, dnnng the process of milking, by shutting off the 
unoer part of the teat cistern and applymg pressure below which 
forces the mUk out through the streak cana\ The teat cistern 
opens into the gland cistern These two cisterns are separated 
p^ally by a circular fold which extends into the cavity, making 
a very definite separation Ordinarily, this fold does not interfere 
with the draining of the milk into the teat cistern but sometimes 
It becomes so thick that the milk drams very slowly 

The ^and cistern acts as a reservoir for the milk. It is an 
opening of considerable si 2 e, varying somewhat in size and shape 
wth different individuals and even with the different quarters of 
the same individual An average capacity would probably be 
about one pmt, although it may vary from % pint to as much as 
to 2 pints 

A number of large ducts lead through the upper and lateral 
walls of the astern The number of ducts vanes from 12 to as 
many as 50 m each quarter These ducts branch very irregularly. 
In some cows the duct branches into two ducts of equal size, in 
others, smaller branches are given off from the mam duct These 
ducts conhnue to branch until they become quite small, and 
finally end m an enlargement that is called an alveolus, or aanus 
The alveolus is a very small structure almost sphencal in shape 
and Imed with a single layer of epithelial cells These cells are 
connected on the base side to the blood capiUanes, the lymph, 
and nerves It is through the walls of these cells that the matenal 
of which milk is made is taken and it is m these cells that milk is 
manufactured The milk passes from the cell mto the lumen of 
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the aveolus and out into the duct system. A large number of 
alveoli draining into a common duct forms a small lobe. A com- 
parison may be made by considering these alveoli as grapes and 
the ducts as the branching stems. A group of alveoli, correspond- 
ing to a bunch of grapes, is called a lobule, and a group of 
lobules forms a lobe. 

These various divisions of the gland tissue are surrounded and 
supported by bands of connective tissue. Sometimes the connec- 
tive tissue develops excessively and forms a large fibrous udder, 
often called a “meaty udder.” Such udders, on account of their 
size, often give the impression that the cow is a heavy milker. 
This may not be so, as this connective tissue does not aid in milk 
secretion. An udder with less connective tissue and more secre- 
tive tissue is to be preferred. 

Milk secretion occurs in the layer of epithelial cells lining the 
alveoli. These cells increase in size during the period between 
milking. The ducts of the udder, lined by two layers of epithelial 
cells, act as a storage for the milk between milkings. 

THE MODE OF MILK SECRETION 

As has been shown, the tiny epithelial cells in the alveoli are the 
factories in which the constituents carried by the blood are taken 
out of the blood capillaries and are synthesized (when necessary) 
into the component parts of milk: namely, fat, lactose, protein, 
minerals, vitamins, and all the other constituents of milk. In 
some way as yet une.xplained, these cells have the unique ability 
of changing or manufacturing materials entirely different from 
those from which they came. It has been shown, as would be 
expected, that, as the blood passes through the udder, the content 
of amino acids, glucose, and fat in the blood appreciably de- 
creases. 

It is believed that each cell in the alveoli can manufacture all 
the milk constituents and that tlicre are no specialized cells for 
each t>'pe of compound. Tlie gradual synthesis of milk causes 
the epithelial cells to lengthen, and fat globules begin to collect 
in the end of the cell facing the inside cavity, or lumina, of the 
alveolus. 


5g Milk Secretion 

The opinion of in\estigators differs concerning the nieth<^ by 
which the milk, when secreted, passes frorn the cells of the aU eoli 
to the ducts Some belie\e that the milk constituents, by the 
process of osmosis and dialysis pass through the cell v.all, leavmg 
it intact Others believe that the cell ruptures to let the 
milk constituents escape 

Effects of Pressure on Mflk Secretion After the milkmg proc 
ess as soon as the milk is removed from the udder the c>cle of 
milk secretion and discharge b> the epithelial cells begins, filling 
the lumina of the alveoli, the ducts, and the milk cistern Dur- 
ing the first period the secretion is rapid but as soon as the storage 
spaces fill up, the pressure increases and secretion slows down 
Milk IS not formed as rapidly as it was when the udder was emptj 
or neaTVy so This explains why heavy m'lkmg cows v-vU secsetc 
considerablj more milk if milked 3 or 4 times per day than they 
will if milked only twice With cows not milking heavily, the 
mcrease of milk production due to mcreased number of milkings 
IS not so great as with the heavy producers WTien milk is left 
in the udder without removal uotfl the maximum pressure has de 
V eloped, it will be resorbed by the blood 
Mflk Secretion— a Continuous Process That milk secrebon is 
a continuous process has been sbowm b> several mvesbgators 
Cows have been slaughtered immediately before the usual milk 
mg tune, their udders have been removed, kept at body tempera 
hire, and mdked thoroughly in the usual maimer An experiment * 
conducted along this Ime yielded 70 per cent as much milk as was 
obtained in the conesponding previous milking. In one expen 
ment, the udder was removed as desenbed above and analj'zed 
for lactose, with the result that more ]^ctose was obtained than 
was contamed m the milk yielded in the prev lous corresponding 
milking;. This was due perhaps to the fact that it is almost im 
possible to obtain all the milk from an udder by ordinary milkmg- 

MILK FORMATION 

In feeding cows for milk pmduebon it must be borne in mmd 
that the same type of food is used for milk produefaon as for 

• / Agf Repearch 45 401 
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growth and maintenance, and tiiat the mammary gland has the 
ability to take the food from the blood and change it into the 
constituents of milk. Many of the compounds found in milk are 
different from those found in feed or in the cow’s body. The cells 
in the udder are able to synthesize many of the individual milk 
constituents. 

Proteins. The three principal proteins in milk are casein, al- 
bumin, and globulin. Casein, the principal protein, is unique in 
that it is found nowhere else in nature, and the albumin differs 
from that contained in the blood. JUst how these are synthesized 
is not known but the evidence seems to indicate that the milk pro- 
tein comes from the nonprotein nitrogen containing substances of 
the blood. The globulin in the milk is the same as is that found 
in the blood, and hence may be obtained directly from the blood. 

Milk Sugar or Lactose (C12H22O1)). Milk sugar is formed by 
the union of two simple sugars, glucose and galactose, and, like 
casein, is found nowhere else in nature. In the past It was 
thought that the milk gland was able to change glucose found 
in blood to galactose. However, it has been shown that lactic 
acid is an essential part of this change, and that probably the 
mammary gland uses two molecules of lactic acid and one mole- 
cule of glucose to form one molecule of lactose. When lactose 
is injected into the blood stream it is not used by the mammary 
gland but is excreted in the urine. 

Fats. Milk fat is a mixed fat composed of the glycerides of ten 
or more fatty acids and contains the whole series of fatty acids, 
beginning with those of low molecular weight and continuing to 
those of higher molecular weight characteristic of body fats. 
The fatlike substances of blood include neutral fat, fatty acids, 
phospholipids (lecithin), and cholesterol. Recent evidence in- 
dicates that milk fat is made from the triglycerides of the blood. 
Many of the fats found in milk are found nowhere else in the 
body, and hence they must be s>'nthesized in the cells of the 
udder. 

Minor Constituents. The minerals found in milk are also found 
in the blood and are probably taken out as the blood passes 
through the udder. Tliey may be used in organic combinations 
or as they exist in the blood. TIic mammar>’ gland is capable of 
removing most of the calcium from the blood faster than it can 
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be replenished from the calcium stores of the body This 
cause milk fever, which sometimes occurs after partunbon The 
injection of calcium gluconate or other calcium salts into the 
blood stream usually results m complete recovery 
The vitamins, also, are not synthesized by the mammary gland 
but pass directly into the udder from the blood stream 

“LETTING DOWN” THE MILK 

As has already been pointed out, the secretion of milk is a con- 
tinuous process, so that most of the milk secured at any milkmg 
IS present m the udder when the milking starts Most of it is 
still held in the alveoli, although the milk cistern and the ducts 
leading to the cistern may also be filled Each alveolus is so 
small that it will hold only a fraction of a drop This milk held 
in the alveoli cannot be removed until the proper stimulus has 
been applied, which causes the cow to “let down” the milk This 
IS an entirely mvoluntary act on the part of the cow but is caused 
by the action of a hormone called oxytocin, secreted by the pitui- 
tary gland, situated at the base of the bram 
When the proper stimulus is applied, which may be done by 
washing the teats wih warm water, nerve messages are earned 
to the brain, which causes the hormone to be ejected into the 
blood stream It is then earned to the udder where it causes the 
muscles surrounding the alveoli and small ducts to contract, 
thereby releasing the milk which flows down through the ducts 
into the cistern This then is known as the "let down” of milk 
It IS necessary that the milking take place quickly after the “let 
down” occurs, for since the pituitary gland secretes the hormone 
for only a few minutes, its effect is soon lost Only about 45 sec 
ends elapse from the time the stimulus is applied until the “let 
down” action occurs Unless the cow is properly stimulated and 
the milk is quickly removed, all the milk cannot be secured 
Sometimes, because of some excitement or fnght, the cow fails 
to gi\e down her milk e>en though she has been properly stimu- 
lated It IS often said that the cow “holds up” her milk It is im- 
possible for a cow to willfully “hold up" her milk The action is 
entirely in\oluntary and is caused by another hormone, adrenalin, 
produced by the adrenal glands which cause the blood vessels to 
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contract, thus slowing down the action of oxytocin. Loud noises, 
barking dogs, painful sores, and even strangers around tlie bam 
may cause cows to hold up their milk. Unkind treatment, such 
as kicking or beating a cow, is almost sure to cause a cow to ‘liold 
up” her milk. Irregularity of feeding or of milking may also be a 
cause. This is entirely involuntary on the part of the cow, and 
when it does occur it is useless to continue milking until the cow 
has calmed down. Cows handled gently and regularly will sel- 
dom “hold up” their milk. 

The stimulation to 'let down” the milk may be given in a great 
number of ways, although the washing with warm water is prob- 
ably the one to which one should try to condition the cows. Such 
things as the sucking of the calf, or even the sight of a calf, the 
manipulation of the teats and udder, or even the rattling of the 
milk pails may cause the cow to “let down” her milk. This will 
be considered further in the discussion of proper milking pro- 
cedure in Chapter 17, 

THE DEVELOPMENT OF THE MAMMARY GLAND 

Early Development. At birth, the udder and teats of a calf are 
well developed, but there usually is very little glandular tissue. 
Studies have been made beginning soon after birth of the calf 
and continuing to 18 months of age, to determine the significance 
of the mammary gland development in calves as to their future 
producing capacity. It was found that the external appearance 
of an udder may be very deceptive, since some udders that 
seemed well developed had little glandular tissue whereas others 
that apeared small had well-formed glandular tissue. These 
studies were made on the Jersey and Holstein breeds. The 
glands, as shown in Fig, 6, were in the average calf only in a 
tubular stage during the first month. These glands start to grow 
and at about the age of 4 to 6 months the quarters on each half 
seem to join. The development of the udder as to size and stage 
at various ages was used as an index of the development of the 
udder as compared to average values. Grades ranging from 1 for 
the most retarded to 9 for the most developed were established. 
It is fairly easy to divide the udders into three classes: above 
average; average; and below average. The results indicate that 
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the most significant grades were the ones assigned when the 
calves were about 4 (3 to 5) months of age. Whether this 
become an important method of culling a herd at an early age is 



Draw{n(« ihowins mammary gfand deretopmenl in heifer 
ealrea of different age«, from rifht aide of udders. 



How mammary gland meaauremeuti are made. 


Fic 6 Mammary gland development in bcifer calves (Siceff). 

not now known. The early results show that the mature equiva- 
lent production of the cows ra the three upper grades, when 
caKes, was some 2000 to 4000 pounds of milk greater than the 
production of those in the below average group of 1, 2, and 3. 
(Data obtamed in herd of Bureau of Dairy Industry, Agricul- 
tural Research Administration, United States Department of 
Agnculture ) 
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Later Development. Closely associated with the develop- 
ment of the udder and with milk secretion are certain hormones. 
Until the animal becomes sexually mature the ducts do not 
lengthen to any great extent, but when the animal first comes 
into heat the ducts start to lengthen. 

Estrogen. This mward growth is caused by the estrogenic 
hormone, estrogen, the same hormone that causes animals to 



Fic 7. Externa! change m the udder of a heifer during the first pregnancy 
{Turner). 


come in heat. This hormone is secreted by the cells of the ovary 
into the follicular fluid, from which it passes into tlie blood It 
stimulates the growth and branching of the milk ducts that lead 
out from the milk cistern. This seems to be done indirectly, as it 
actually stimulates the anterior pituitary to secrete a hormone or 
hormones to act upon the udder. Eventually it is excreted from 
the body through the unne. With each successive heat period 
these ducts increase in size, but there is no development of the 
true secreting tissue, the alveoli. The duct system at this stage 
of growth is like the trunk and larger branches of a leafless tree. 

Progesterone. After llic heifer conceiv’es, a rapid growih and 
c-xtension of the duct system to all parts of the udder occurs. 
Many side branches fonn, upon which the alveoli develop Tliis 
grow til is like the leafing out of a tree in which the niveoli repre- 
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sent the leases and the ducts the branches of the tree This en 
largement and groivth is caused by a second hormone proges 
terone which worhs m combination with estrogen It is secreted 
by the corpus luteum or “> ellow body m the o^ ary of the preg 
nant annual About 24 to 36 hours after the heifer comes mlo 
heat, the egg or osTim is discharged and earned mto the fal 



Fic 8 Diagram of a aoss seebon of the udder of a heifer before reaching 
maturity At this stage the glands consist of a small teat and m Ik cistern. 
The ducts leading out from the cistern are small and short with few branches 
(rumcr) 

lopian tube doivyi \s hich it passes into the uterus where it may be 
fertilized After the discharge of the egg or o\'um there is a 
rapid growth in the osoim follicle of a cell containing a deep yel 
low or orange pigment This is known as the corpus luteum or 
> ellow bodj If the heifer is not bred this soon disappears and 
new cells secreting the estrogen deielop but if she conceives 
the corpus luteum is retained in the ovary during pregnancy and 
secretes the hormone progesterone 
Lactogen, or Galactin The «ilargement of the ducts and the 
development of the alveoli continue until about the middle of 
pregnancy when their growth has largely been completed The 
cells of the alveoli then begin to secrete a fluid resembling colos 
trum milk the milk first sea-cted after a cow freshens This se 
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crelion of milk is broncht about b> n ibiitl boniinne,* the licto 
genic bonnonc, kiiomi ns hctogcn, or gihctin Tins hormone is 
sccTLlcil b> the nnlinor lobe of the pitiiilir) glniiil 1 (K-iI« 1 at the 
base of tbe brain During tbe latter lialf of the gestation iieriixl 
little growth takes place-, but the enlargement of tbe miller is 



Fic 0 Diagram of a cross scclmn of llic iiiWcr nfir, „ 

The duel s>stcm shosss catcnsiae disclop,i,n,| |,„i il, 

Is not slimiitalcd to groasel. (Tomer)' '' 

largely due to the accumulation in the duct „ 

the secretion which IS later giacn in It. r “‘™' •'"''I "hi-oj, o< 

after the animal freshens ° “loitnini mill 

The mechanism that initiates the st t 
during the second half of pregnane, icTj ’ ' 

tensive secretion of milk until pirtum' ^ n 

acts'a's a check unVufeparfu 
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During the normal lactation period the yield of milk increases 
for a few weeks after calving, and then gradually decreases until 
the cow is dr>'. As the period of lactation advances the cells in 
the outer zone of the udder cease to secrete milk, while those 



Fic. 10. Diagram of a cross section of the udder of a heifer at about the 
fifth month of iwegnancy. From the ducts shown in Fig. 9, the lobule- 
aUeob system has grown, because of the combined stimulus of estrogen 
and ivogesteione (rumcr). 

around the larger ducts are still active. Wlten the cow finally be- 
tsmics -iny, \Vie riVmAi kiecwne ^ery sinaW, leaving on’iy fee ioWk 
cistern and duct s>'stein. This is rebuilt during the dry period. 

IMPORTANCE OF THE PITUITARY GLAND 
IN MILK SECRETION 

The pituitary gland, also known as the “hypophysis,” is a small 
structure located near the base of the brain. It is made up of 
three parts; the anterior lobe; tlw intermediate lobe, and the pos- 
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terior lobe. This gland secretes other hormones besides the lacto- 
genic hormone, which have pronounced physiological effects upon 
the animal. A hormone secreted by the anterior lobe controls 
the growth and development of the animal, thus determining its 
mature size. Another hormone secreted by the posterior lobe 
stimulates the contraction of the involuntary muscles. Still other 
hormones secreted by this gland seem to influence the activity of 
the thyroid gland, the adrenal gland, and the metabolism of car- 
bohydrates, fats, and proteins. Thus, by speeding up and regu- 
lating the body processes, these hormones indirectly influence 
milk production of dairy cows. That such is true has been shown 
by several investigators. The injection of the pituitary hormone 
into dairy cattle has resulted in an increased milk yield in certain 
series of as much as 7 or more liters of milk per day. The in- 
crease was temporary but was sufficient to more than pay for the 
cost of the injection. The effect seemed to be greatest with well- 
fed cows and during the first half of the lactation period. No bad 
effects of any kind were noted in any cow. 

The difference in the productive ability of dairy cows might be 
explained by the difference in the amount of hormones secreted 
by the pituitary gland and by the other glands regulated by the 
pituitary. 

Although the secretion of milk is an involuntary act, the nerves 
in the udder do have an influence on lactation. The stimulus of 
milking causes the discharge of the lactogenic hormone and thus 
prepares for the stimulus of milk secretion during the interval 
between milking. 

Thyroactive Lactation Stimulant. It was found that thyroxine, 
a hormone secreted by the thyroid gland had a stimulating effect 
upon metabolism and milk secretion. Later it was found that an 
iodinated protein prepared under carefully controlled conditions 
had the same effect on milk production as thyroxine. This prod- 
uct has been made commercially and is found under several 
names, such as “iodinated casein,” “thyroprotein,” and “prota- 
mone.” It has been found * that this material fed at the rate of 
15 grams per day sometimes increases the milk production in the 
declining phase of lactation from 5 to 20 per cent and the butter- 
fat production from 25 to 50 per cent. This is accompanied by 
an increase in respu-ation and pulse rate and a decrease in body 

Dairy Sci ,27iS85 (1944). 
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relative to com stover as Ime been made concerning com fod- 
der It IS e\en less palatable than com fodder, and is very low in 
protein Its feeding value is about the same as tliat of timothy 
hay Sometimes it is shredded AUhoiigh tins does not increase 
Its digestibility, it docs decrease the waste and males it much 
easier to store and handle, also, the refuse can be used as bedding 
Millets. Millet ranks about the same as timothy in feeding 
value It IS less palatable, however, especially if allowed to be 
come too npe It should be cut when in bloom, but at best is 
not a desirable feed for dairy cattle It is used principally as an 
emergency crop 

Straws The feeding value of straws depends largel> upon the 
method of growing and handling them When grain is allowed to 
become entirely ripe, its straw is of htlle value for dairy cows 
m milk When cows arc fed on straws that are low m energy and 
digestibility, and are unpalatable besides, the best results cannot 
be expected Straw, espeaally oat straw, may be given in limited 
quantities to young stock and breeding animals Oat straw is to 
be prefened to all other straws, because it has the softest and 
most pliable stems and is more leafy than the others but it is low 
in protein, constipating, and unpalatable. It is used only for bed 
ding in the best dairies Barley straw is sometimes used for feed- 
ing ^Vhen barley straw of the bearded vanety js fed itisncces 
sary to watch the cow’s mouth to detect the accumulation of 
beards which may penetrate the sides of the mouth sometimes 
causing infection Wheat straw and rye straw have no place in 
the feeding of dairy cattle but make excellent bedding 

Sudan Grass. ^Vhen cut early, Sudan grass makes a fairly good 
hay It yields heavily and is fairly palatable It is slightly laxa 
bve It compares favorably with other nonlegume hays in feed 
mg value When allowed to become too npe, it is woody and not 
as palatable or as -mitntiDus as wben cut early Often, two crops 
can be harvested per year It is used for hay, principally as an 
emergency crop 

Timothy Timothy hay although one of the most common 
roughages fed to dairy cows, is, as ordinarily harvested, low m 
protein, minerals and vitamins It is not very palatable and is 
constipatmg in its effects When timothy is cut early, however, 
and from fields that have been nitrogen fertilized, it is much 
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higher in protein and much more palatable than the ordinary 
timothy hay. It cannot equal alfalfa or clover hay but may be 
used where these cannot be grown satisfactorily or economically. 
It is often grown with clover or alfalfa, the resulting hay being 
kno\vn as mixed hay, the feeding value of which is higher than 
that of timothy hay. 

Other Grasses. Many other grasses, such as Reeds Canary 
grass, Johnson grass, Italian rye grass, brome grass, fescues, quack 
grass, bluegrass, and redtop, are sometimes used for hay. When 
cut early and well harvested, they make hays very similar in 
palatability and feeding value to similarly cured timothy hay. 

SUCCULENTS 

It is usually recommended that some kind of succulent feed 
should be added to the dairy-cow ration for most profitable re- 
sults. A succulent feed contains a high percentage of moisture, 
is palatable, as a rule, and has a good physical effect on the cow. 
These feeds, however, are low in nutritive value because of the 
fact that they are so high in water content. They are especially 
valuable because of the high yield of total digestible nutrients 
which they give on the acre basis. 

SILAGES 

Com Silage. Of all the crops used for the making of silage, 
corn is the most common. It can be harvested and put into the 
silo more easily, and is more certain of keeping than silage made 
from most of Ae other crops. Com is as high in total digestible 
nutrients as any other crop used for silage, but it is low in protein. 
The moisture content of silage is high, averaging 74 per cent, 
leaving only 26 per cent dry matter. It is very palatable and is 
laxative in effect. It is low in minerals, however, and is not as 
high as might be expected in vitamins. It is not usually fed as a 
sole roughage, but should be combined with some legume hay 
that will help make up its deficiency in proteins, minerals, and 
vitamins. Three pounds of silage is usually fed to replace I 
pound of hay. 
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excellent quality, and is the highest of all common feeds in cal- 
cium ^Vhen properly cured, it is nch in carotene, the precursor 
of \itamin A 

Canada Field Peas. Field peas are sometimes grown (either 
by themsehes or more commonly mth oats) /or ha) in the north- 
ern states ^Vhen cut at the proper time the> make a % eiy nutri- 
tious feed, somewhat higher than red clover in protein but not so 
palatable 

Clmcrs Clover hay has the same advantages as alfalfa hay, 
except that it is a little lower in protein and is slightly less palat- 
able Five kinds of clover arc growm extensively m the United 
States alsike, enmson, red, ladino, and sweet All have about the 
same feeding value, but alsike is finer m the stem, which makes it 
especially well adapted for feeding )oung calves Ladino clover 
IS primarily a pasture plant but mutures of it and some grasses 
are sometimes used for hay Sweet clover is hard to cure prop- 
crl), and should be cut when the first blossoms appear, as the 
stems rapidly grow woody after this stage is rcach^ Although 
it has about the same analysis as the other clov ers a much larger 
portion js usually refused by dairy cattle It has been noted that 
when sweet clover is fed to catUe it may cause the loss of the 
clotting power of the blood Animals fed heavily on sweet clover 
hay, especially when moldy, will sometimes bleed to death from 
internal hemorrhages or from outside wounds, such as dehorning 
or castration 

Cowpeas Cowpea hay, when properly cured, provides a 
roughage that is even higher in protein than clov er or alfalfa It 
makes a good roughage for the southern part of the country, and 
is adapted to warm climates 

Lespedeza Lespedeza has been grown principally m the South 
and is adapted to land too acid or too poor to grow alfalfa or 
clover Certain varieties have been developed that w^ll grow 
farther north than the common lespedeza Korean lespedeza, for 
example, is earlier and larger than the common vanety and will 
grow farther north Lespedeza hay is well liked by dairy cattle 
and is fairly high m protein and total digestible nutrients, but as a 
rule the yield is not high The perennial species, Lespedeza 
sericea, is not as palatable as the annual, and since it is inclmed 
to be stemmy, there is a greater waste 
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Soybeans. Soybean hay, when properly cured, makes a good 
roughage for dairy cattle. It is slightly higher in protein and total 
digestible nutrients than alfalfa, but it is usually coarser, and for 
this reason more is wasted. It is also high in calcium. It is very 
palatable when cut at the proper time but, when allowed to get 
too ripe, has coarse, woody stems which the cows will refuse. 
It is slightly constipating in its effect. Its chief disadvantages 
are: first, that it is hard to cure properly; and second, that the 
cost of growing is usually higher tlian that of alfalfa since it 
must be seeded each year. However, it can be grown in some 
places where alfalfa cannot. It is often seeded with Sudan grass, 
sorghums, or millet, in order to secure a higher yield. 

NONLEGUME ROUGHAGES 

In general, nonlegume roughages are not recommended as feed 
for dairy cows. They are low in protein, not very palatable, and 
are usually deficient in minerals and vitamins. They are used 
often, however, because of the ease with which they can be 
grown, and because otherwise they would be wasted. Since 
they do have some value, it is usually better to feed them than 
to allow them to waste. They can be fed successfully in conjunc- 
tion with a legume hay and a high-protein grain ration. 

Cereal Hay. All the cereals— oats, wheat, barley, and rye— are 
sometimes used as hay crops. When cut early and well cured, 
they are fairly palatable and resemble timothy hay in composi- 
tion. They are low in protein, and hence for dairy cattle should 
be fed with a protein supplement Oats and barley make a more 
palatable hay than wheat or rye. 

Com Fodder. Corn fodder, which includes both the grain and 
the stalk, is not entirely satisfactory as a feed for dairy cattle, 
especially if they are to be fed in the bam, since it is difficult to 
feed in the mangers. Because of its bulkiness, it is usually fed 
out-of-doors. It is unpalatable, low in protein, and is about equal 
to timothy hay in its nutritive value. There is considerable waste 
in feeding it as cows will not eat the coarse stalks, and much of 
the value of the grain is lost. 

Com Stover. Cora stover is com fodder from which the ears 
have been removed. The same general statements can be made 
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weight This matenal is now being incorporated in certain com- 
meraal feed mixtures Just what the effects of the continued use 
of this matenal will have upon the length of life and well-being 
of dairy cows is not known But it does not seem that dairymen 
have as yet developed herds suffieiently well-bred to warrant the 
use of stimulants that may result jn harmful effects as well as in 
higher milk and butterfat production It is against the rules of 
the breed associations to feed this material to cows on official 
test 
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Selection of Feeds 


In order to feed dairy cattle most efficiently, it is necessary to 
know the characteristics and properties of some of the more im- 
portant dairy feeds. The selection of feeds is important both 
from the standpoint of economy of production and from that of 
the health of the animals. 

It is always best to use as many home-grown feeds as possible, 
and to buy only what is necessary to balance them properly. By 
this method the crops can be disposed of directly to the cow, and 
thus the expenses and losses due to marketing are avoided; and 
profits, which would otherwise be absorbed by purchasing feeds, 
are saved. 

Feeds can be divided into two great classes, (1) roughages and 
(2) concentrates. The roughages consist of silage, hay, and all 
the other coarse, bulky portions of the ration. The concentrates 
include the cereal grains and a great number of by-products of 
the milling and other industries. 

LEGUME ROUGHAGES 

Legume hay is especially valuable as a feed for dairy cows. 
This is due to the fact that it contains a liberal amount of high- 
quality proteins, a large percentage of calcium, and when well 
cured is rich in vitamins A and D. Some legume hay can be 
grown on almost any farm. By its use the cost of milk produc- 
tion can be kept down, since grain rations lower in protein con- 
tent can then be used successfully. 

Alfalfa, Alfalfa hay is one of the very best roughages for dairy 
cattle. It is very palatable, and it has a good effect upon the di- 
gestive system, as it is slightly laxative. It is high in protein of 
69 
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relative to com sto\er as have been made concerning com fod- 
der It IS even less palatable than com fodder, and is very low m 
protein Its feeding value is about the same as that of timothy 
hay Sometimes it is shredded Although this docs not increase 
its digestibility, it docs decrease the waste and males it much 
easier to store and handle, also, the refuse can be used as bedding 
Millets Millet ranis about the same as timothy m feeding 
value It IS less palatable, however, especially if allowed to he 
come too npc It should be cut when m bloom, hut at best is 
not a desirable feed for dairy cattle It is used principally as an 
emergency crop 

Straws The feeding value of straws depends largely upon the 
method of grow mg and handling them ^\^lcn gram is allovi ed to 
become entirely npe, its straw is of little value for dairy cows 
in mill When cows arc fed on straws that arc low in energy and 
digestibility, and are unpalatable besides, the best results cannot 
be expected Straw, especially oat straw, may be given m limited 
quantities to young stocl and breeding animals Oat straw is to 
be prefened to ail other straws, because it has the softest and 
most pliable stems and is more leafy than the others but it is low 
la protein constipating, and unpalatable, it is used only for bed 
ding in the best dairies Barley straw is sometimes used for feed 
ing ^Vhen barley straw of the bearded v anety is fed, it is neces 
sary to watch the cow’s mouth to detect the accumulation of 
beards which may penetrate the sides of the mouth, sometimes 
causing infection ^Vheat straw and rye straw have no place m 
the feeding of dairy cattle but male excellent bedding. 

Sudan Grass When cut early, Sudan grass males a fairly good 
hay It yields heavily and IS fairly palatable It is slightly laxa 
bve It compares favorably wjth other nonlegume hays in feed 
ing value \Vhen allowed to become loo npe, it is woody and not 
as palatable or as nutotiom as when cut ciu-Jy OStea, tiv£> creps 
can be harvested per year It is used for hay, prmcipally as an 
emergency crop 

Timothy Timothy hay, althou^ one of the most common 
roughages fed to dairy cows, is, as ordinanly harvested, low m 
protein, mmerals and vitamins It is not very palatable and is 
constipating in its effects When timothy is cut early, however, 
and from fields that have been nitrogen fertilized, it is much 
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higher in protein and much more palatable than the ordinary 
timothy hay. It cannot equal alfalfa or clover hay but may be 
used where these cannot be grown satisfactorily or economically. 
It is often grown with clover or alfalfa, the resulting hay being 
known as mixed hay, the feeding value of which is higher than 
that of timotliy hay. 

Other Grasses. Many other grasses, such as Reeds Canary 
grass, Johnson grass, Italian rye grass, brome grass, fescues, quack 
grass, bluegrass, and redtop, are sometimes used for hay. When 
cut early and well harvested, they make hays very similar in 
palatability and feeding value to similarly cured timothy hay. 

SUCCULENTS 

It is usually recommended that some kind of succulent feed 
should be added to the dairy-cow ration for most profitable re- 
sults. A succulent feed contains a high percentage of moisture, 
is palatable, as a rule, and has a good physical effect on the cow. 
These feeds, however, are low in nutritive value because of the 
fact that they are so high in water content. They are especially 
valuable because of the high yield of total digestible nutrients 
which they give on the acre basis. 

SILAGES 

Com Silage. Of all the crops used for the making of silage, 
com is the most common. It can be harvested and put into the 
silo more easily, and is more certain of keeping than silage made 
from most of the other crops. Corn is as high in total digestible 
nutrients as any other crop used for sOage, but it is low in protein. 
The moisture content of silage is high, averaging 74 per cent, 
leaving only 26 per cent dry matter. It is very palatable and is 
laxative in effect. It is low in minerals, however, and is not as 
high as might be expected in vitamins. It is not usually fed as a 
sole roughage, but should be combined with some legume hay 
that will help make up its deficiencg^ in proteins, minerals, and 
vitamins. Three pounds of silage is usually fed to replace 1 
pound of hay. 
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Com Stover Silage. Silage from dr> com stoser is sometimes 
made by cuttmg it up the same as the green com and tummg 
water into the silo, thus giving it a succulent nature The ears 
having been removed, the resulting silage is only slightly more 
than one half as good as regular com silage 
Grass Silage All kinds of grasses, grown b> themselves or 
with legumes, are now being used successfully for silage A mix- 
ture of grasses and legumes is used extensively Such crops as 
wheat or rye and vetch, oats and peas alfalfa and timothy or 
brome grass or orchard grass, soybeans and Sudan, and man> 
other such mixtures are being used successfully \\Tien the mois 
ture IS controlled or when thej are ensiled with mineral aacls, 
ground grains, or molasses, good silage with about the same feed 
ing value as com silage can be made 

Legume Silage Clover, alfalfa, soybeans, and cow’peas are 
used successful!) for silage, although m general they are not as 
easily ensiled as com or grass They are higher in digestible pro- 
tein but not quite as high in total digestible nutrients as com 
silage They are more difficult to keep than com silage, since 
they are not so nch m sugar, but when the moisture content is 
controlled or when special methods such as the addition of mm 
eral acids, ground grains, or molasses is used, good silage can be 
made The methods of making silage w ill be described in a later 
chapter 

Sorghum Silage The sorghums make excellent silage, .especi 
ally if allowed to stand until the grain is m the dough stage 
They are palatable and have a desirable effect on the cow The> 
will not yield quite so much as com over most of the United 
States, but in the southern plain states they are used extensively 
Sunflower Silage Sunflower silage has been used extensiv el> 
in parts of the country where, because of dryness or shortness 
of season, com cannot be grown to advantage The yield per 
acre is high, but it contains less dry matter and total digestible 
nutrients than com silage It is not as palatable as com silage, 
although cows soon learn to eat it It has only about 70 per cent 
as much food value as does good com silage 
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ROOTS AND TUBERS 

Carrots. Carrots are sometimes used as a feed for dairy cows, 
but their yield is so low that their use is not general. They are 
palatable, however, and being very rich in carotene, the pre- 
cursor of vitamin A, they have a tendency to color the fat in the 
milk. 

Mangels. Of all the root crops, mangels are the highest yield- 
ers and for this reason are the most commonly used. They are 
used extensively in Europe. Even though their yield is very high, 
they have a very low dry-matter content, averaging only about 
9.2 pounds of dry matter in 100 pounds of mangels. In this coun- 
try they are used especially for cows that are being forced for 
heavy milk production, and they are unexcelled in adding suc- 
culence to a ration. They are fed at the rate of 40 to 80 pounds 
per day, depending upon the size of the animal. They should be 
fed more generally, especially where there are too few animals to 
justify the use of a silo or where the tillable acreage is limited. 

Potatoes. Potatoes have much the same general characteristics 
as the roots. They have about twice as much dry matter as roots 
but somewhat less than corn silage. They are low in protein and 
vitamins A and D and are not too palatable, but they can be fed 
with good success after the cows become accustomed to them. 
They are sometimes made into silage mixed with some dry 
roughage. 

Sweet potatoes also can be fed successfully to dairy cattle. De- 
hydrated sweet potatoes have approximately 90 per cent as much 
milk-producing value as com, or slightly more than com-and-cob 
meal. This feed is liigh in carotene and will increase the caro- 
tene and therefore the yellow color in milk. 

Rutabagas. Rutabagas have a little higher dry-matter content 
than mangels, and they keep a little better. In most of the United 
States they do not yield quite so well, however, and for this reason 
are not as widely grown. They require a cool climate. Unless 
care is taken they are likely to taint the flavor of the milk. 

Sugar Beets. Sugar beets are slightly higher in total nutrients 
than the other roots, but the yield is much lower than that of 
either mangels or rutabagas and for this reason they are not gen- 
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erally used Beet tops arc sometimes put m silos, where they 
make very satisfactory silage 

Turnips The yield of turnips is lower than that of mangels 
or rutabagas and hence their cost of production is higher They 
are about equal in feeding value Care must be exercised m feed- 
ing turnips, however, since their fla\or will appear in the milk 

MISCELLANEOUS 

Pumpkms (Field) The same general statement may be made 
of pumpkins as of the roots Pumpkins rank about the same as 
the roots in food value, but there is considerable labor in their 
preparation for feeding The idea that the seeds must be re 
moved before feeding is erroneous, as they contain nothing m 
jurious 

Apple Pomace Apple pomace, the residue left m the making 
of apple cider or vinegar, is sometimes available to those who 
live near cider mills It gives about as good results as com silage 
Apple pomace can be fed fresh as it comes from the mill or it 
can be put in the silo Dried apple pomace has somewhat less 
nutritive value than beet pulp and is less palatable 

CONCENTRATES 

It is possible to produce milk without feeding concentrates 
Some dairymen make it a practice to produce the greater part of 
their milk supply durmg the summer and to feed only roughage 
dimng the winter It is also possible to produce fairly large 
yields of milk by feeding only roughage consistmg of silage and 
alfalfa hay, or even alfalfa hay alone To get a fairly large pro 
duction, however, and to keep up the flow of milk over a long 
period of time, it is necessary to feed some concentrates The 
cereals and leguminous seeds, together with the by products, are 
known as the concentrates If some of the grams can be grown 
on the farm as they generally can be, they will usually be cheaper 
than purchased feeds 
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GRAINS 

Barley. Barley is an excellent feed for dairy cattle. It can be 
substituted for com, pound for pound, with equally good results. 
It contains a little more protein U»an com but is slightly lower in 
total digestible nutrients. It is used quite extensively in countries 
and localities where corn is not available. When fed heavily, 
especially in conjunction with alfalfa hay, it is said to cause cows 
to bloat. However, this is not often serious. It should be ground 
to medium fineness for dairy cattle. If ground too fine it may 
become pasty in the mouth. 

BucWhcat. The whole grain of buckwheat is not so desirable 
as its middlings, because of the large amount of cmde fiber or 
hulls that it contains. These, however, give bulk to a ration and 
may be used when other grains in the ration are heavy. Buck- 
wheat is not a very palatable feed, nor is it equal to corn as a 
dairy feed. Dairymen believe that buckwheat produces a hard, 
white butterfat. 

Com. Com is grown on almost every dairy farm and should 
usually be included in the dairy ration. Not only is it highly 
palatable, but moreover it supplies a large amount of total nu- 
trients economically. It is low in protein and also in minerals, 
therefore, some high-protein feed must be used in order to supply 
these deficiencies. Yellow com has considerable carotene, the 
precursor of vitamin A, but white com is lacking in this com- 
pound. It is usual to feed com ground as a meal, although calves 
prefer cracked corn. Some of the commercial corn meal is made 
from that part of the kernel which remains after the manufacture 
of cracked corn or table meal. It is then correctly called corn- 
feed meal. It has about the same feeding value as com meal. 

Sometimes, whole ears are ground, making corn-and-cob meal 
This is used in some dairy rations in place of com meal and may 
be valuable in adding bulk when other bulky feeds are not avail- 
able. The cob is high in pentosans and therefore can be utilized, 
to a certain extent, by the digestive system of the dairy cow. It 
has been found tliat when fed to steers, about 2 5 pounds of cob 
were equal to 1 pound of com meal. 
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^Vhen com is purchased on the market it should be purchased 
on Federal grade which depends upon the amount of w ater and 
damaged grams that it contains According to the grade, the 
moisture m com must not exceed 14 per cent in No I, 15 j per 
cent m No 2, 17S per cent in No 3, 20 per cent in No 4, and 23 
per cent m No 5 Com with more moisture than No 2 wall not 
keep well m storage 

Oats Oats are an excellent feed for dairy cattle and when not 
too high in price should be used in the dairy ration Tliey are 
considerably higher m food value than wheat bran The) arc 
bulk) , palatable, and higher in protein and mineral matter tlian 
com, if they are home growm, the straw comes in handy for bed- 
ding Oats vary greatl) in composition and should be purchased 
on guaranteed analysis Oats should be cnmped, crushed, or 
ground to a medium fineness for dairy cow s This is not ncces 
sary for calves up to 8 months of age as they seem to prefer the 
whole gram 

Rye Rye may be used m place of com m a dair> ration It is 
nearly equal to com in its food value, but it is not very palatable 
There may be danger in feeding it when it is infected with ergot 
When fed in large quantities it tends to produce butterfat with a 
hard body It can be fed safely up to one fifth of the gram ration 
when free from ergot 

^Vheat. When the pnce will permit, wheat may be substituted 
for com m a dairy rabon- It is a little higher than com lo feed 
jng value and is quite palatable Because of the small size and 
hardness of the kernels, the wheat should be ground before be 
mg fed ^Vheat, when fed alone, often forms a paste m the cow s 
mouth In a great many sections the cost prohibits its use in the 
dairy ration Wheat should not make up more than one third of 
the gram rabon for heavy producmg cows 

LEGUMINOUS SEEDS 

Soybeans The soybean is one of the important crops growm 
m this country It is extremely hi^ in good quality protein and 
in fat and rather low m fiber It is also higher m total digestible 
nutnents than any of the cereals It is not high m mmerals or 
vitanuns, and is not too palatable It should be ground for 
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dairy cows, an operation that is often difficult on account of its 
sticky nature. However, when mLxed with other grains, it will 
grind easily. It is likely to turn rancid after grinding if stored too 
long, especially during warm weather. 

Field Peas. Field peas sometimes are grown in the cooler 
parts of the United States as feed, but on account of their low 
yields are not e.xtensively used. They are medium high in pro- 
tein of only fair quality. They are low in calcium and vitamins, 
but are quite palatable and can be used satisfactorily. 

Co^\’pcas, Cowpeas are not extensively used because the seed 
ripens unevenly. They can, however, be fed satisfactorily to 
dairy cattle. In composition and characteristics they are very 
similar to field peas. 


BY-PRODUCTS 

Many industries have by-products that can be used as cattle 
feed. Some of these by-products are high in quality and food 
value; others have but limited value. 

Milling Industry 

Buclovheat Middlings. Buckwheat middlings is a by-product 
of the buckwheat-flour industry. It is fairly high in protein, and, 
when it can be purchased at a reasonable price, makes a very 
good dairy feed. It should not be mixed with the hulls, which 
are worthless as a dairy feed. 

Wheat Bran. Wheat bran is one of the best of the milling 
products for feeding dairy cattle. It is palatable, bulky, and acts 
a mild laxative. It also has a cooling effect, which makes it 
very useful as a feed for cows after calving. It is the highest of 
the common feeds in its phosphorus content. It is desirable in 
^oy ration for dairy cows when the price is not too high. It is of 
especial value to cows just before and after calving. It is also a 
good feed for calves and heifers. Standard bran contains some 
of the finely ground screenings. 

^Vheat Middlings. In the manufacture of flour, the finer par- 
ticles of bran and some of the flour are collected and sold as 
standard middlings or shorts. They are higher in both protein 
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and total digestible nutnenls dian wheat bran but are not as 
desirable for feeding dairy cows They are not as bulky or as 
palatable as bran They are nch in phosphorus but low m cal 
cium and the vitamins They are quite heavy and have a tend 
ency to form into a stick) mass when wet 

Oil Industry 

Cottonseed Meal Cottonseed meal is the residue from the 
extraction of oil from the cottonseed, and is sometimes sold m 
cake form although the cake is usually ground and the product 
sold as meal Several grades of cottonseed meal are on die 
market ^Vhere transportation is an item of cost, the highest 
grade is usually the cheapest and best to purchase Formerly, 
this feed was the most commonly used high piotem feed In the 
South it furnishes protein in the cheapest form of any of the 
concentrates and even in the North it often is one of the most 
economical protein supplements However, it is not too palat 
able and is low m calaum and vitamm A It contains a poison 
known as “gossypol,” which makes it mjunous when fed m 
large amounts to young calves and other animals With dairy 
cattle houever, “cottonseed injury” seems to be caused by a lack 
of calcium and vitamin A. \Vben good alfalfa hay or plenty of 
good quality hay of other lands are fed “cottonseed injury” will 
not occur 

Sometimes the hulls are ground and mixed with the feed and 
sold as cottonseed feed This is not nearly so nutritious as the 
meal, since the hulls are practically worthless as dairy feed 

Lmsecd-Oil Meal This high protein feed is the residue left 
after the linseed oil has been extracted from the flaxseed In its 
manufacture two processes are used, one known as the old proc 
ess, produced by the expeller or hydraulic method, and the other 
as the new, or sohent, process The old process consists in 
crushing the seeds heating them to a high temperature, and re 
mo\ing the oil under high pressure In the new process the seeds 
are treated m the same wa> except that the oil is extracted by be 
ing dissolved m a fat solvent instead of by pressure The differ 
ence in the methods of extracting the oil results in a slight differ 
ence in the composiUon of the residue from which the linseed 
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meal is made. The new-process meal is slightly richer in protein 
but lower in energy value. These feeds are sometimes called 
“oil meal.” They are more palatable than cottonseed meal, are 
slightly laxative in effect, and seem to brighten the coats of the 
animals to which they are fed and to keep them healtliy. They 
are especially valuable when nonlaxative feeds are fed. When 
the price is not too high, they may be used advantageously in 
small quantities in the ration of dairy cows. They tend to pro- 
duce a soft butter and hence are valuable in rations which 
would otherwise produce hard butter. 

Soybean-Oil Meal. The production of soybeans has been in- 
creasing greatly, so much so that soybean-oil meal is now the 
most important high-protein supplement. Soybean-oil meal is 
the residue after the oil has been extracted from the bean. It is 
rich in protein of high quality. It is palatable and slightly laxa- 
tive in effect, Soybean-oil meal made by the expeller or hydraulic 
process is preferred to that made by the solvent process, since it 
is considerably higher in fat. This is especially true if other 
feeds in the ration are low in fat. It is being fed in large amounts 
to dairy cattle and is well liked by the feeders. 

Peanut-Oil Meal. Peanut-oil meal, a by-product of the manu- 
facture of peanut oil, is well liked as a dairy feed in sections of 
the country where it is available. It varies considerably in com- 
position, but first-grade peanut-oil meal is very high in protein, 
is palatable, and has a slightly laxative effect upon the cow. It is 
not extensively used as a dairy feed but is very satisfactory when 
it is available. It tends to become rancid in warmer weather 
when stored very long. 

Cocoanut-Oil Meal. Cocoanut-oil meal (copra-oil meal) is the 
residue from the manufacture of oil from the cocoanut, and is 
made by the two processes that have been described in connec- 
tion with linseed-oil meal. The old process is slightly lower in 
protein than the new one, but is higher in total nutrients. Cocoa- 
nut-oil meal is higher in feeding value than wheat bran, but not 
as high as many of the other oil meals. It has a tendency to turn 
rancid in warm weather. 
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low m djgesbble ziuti:ient5, high in crude fiber, and not \ery pal 
atable If the brewery is near by, many dairymen secure them 
wet In this form thej make a very satisfactory feed, but un 
less care is taken to has e the feed boxes tight the Uquid will run 
through and ferment, creating an undesirable odor m the stable 
\Vhen the grams are gi\ en proper care and the feed boxes kept 
clean the wet grains can be fed wthout difficulty to dairy cow^ 
The> are often classified as a hi^ protem silage, and can be fed 
in place of com silage 
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Distillers’ Grains. In the manufacture of distilled liquors and 
alcohol from grain, the coarser particles are strained out of the 
watery residue (stillage), forming wet distillers’ grains which, 
when dried, are called distillers’ dried grains without solubles, 
or light grains. The water-soluble material that passes through 
the strainer, known as thin stillage or thin slop, is sometimes 
condensed and dried and forms dried distillers’ solubles. The 
condensed solubles are sometimes added to the wet distillers* 
grains and this is then dried and called dried distillers’ grains with 
solubles, or dark grains. Both the dark grains and light grains 
are medium high in protein and high in fat. They are highly 
digestible, although fairly bulky, and are equal to com in total 
digestible nutrients. The chief difference between the light and 
dark grains is that the latter is much richer in the B-complex 
^'itamins, which, however, is of little importance in dairy feeds. 
The rye distillers’ dried grains are much lower in protein and in 
fat and higher in fiber and less digestible than the com distillers* 
dried grains and hence not nearly as good a feed. 

Distilleries are now using other sources of starch and sugar, 
such as molasses, grain sorghum, wheat, and potatoes. Distillers’ 
dried grains from these sources are less valuable than from com 
and should be purchased on the basis of their guaranteed analysis. 


Starch Industry 

Com-Gluten Meal and Com>G!uten Feed. Com-gluten meal 
and corn-gluten feed are by-products in the manufacture of starch 
and glucose. The gluten of corn, separated from the starch, is 
dried and sold as corn-gluten meal; but when mixed with the 
com bran it is known as com-glulen feed. The meal is there- 
fore richer in protein and total digestible nutrients than the feed, 
but not so rich in calcium or vitamin A. The protein is not of 
very high quality, and hence this feed should be given with other 
feeds which will make good this deficiency. Both are satisfactory 
when they can be purchased at a price that makes them cheap 
enough to include in the ration. The meal is heavy and should 
be mixed with some more bulky feed. Neither of them is as 
palatable as some of the other feeds. Since their protein con- 
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tent vanes considerably, they should always be purchased on 
guaranteed analysis 


Sugar Industry 

Dried Beet Pulp. Beet pulp is the residue left after the sugar 
has been extracted from the sugar beet It is high in carbohy- 
drates but low in protein and fat When silage or other succulent 
feeds are not available, dned beet pulp soaked with about 3 times 
its weight m water for about 12 hours before feeding makes an 
excellent substitute \Vhen the co\i^ are given free access to 
water, however, equally good results are obtained if the beet 
pulp IS fed dry It is highly palatable and has a very good 
physiological effect upon the cow Because of its bulky nature, 
dried beet pulp is especially valuable in feeding cows for heavy 
production 

Beet pulp IS used extensively for fitting animals for sales and 
shows and to feed while on the show circuit It provides a suc- 
culent feed to use under these conditions 
Molasses Nfolasses is a by product of the manufacture of 
sugar from both beets and cane A crude syrup is produced 
that IS often used m feeding dairy cows The molasses from cane 
is knoivn as “blackstrap” Since these products are quite low 
in protein, they are essentially energy feeds Molasses is quite 
laxative and should not be fed in a quantity to exceed 2 or 3 
pounds daily for each ammal The customary way of feedmg it on 
the farm is to dilute the molasses with water and sprinkle it over 
the feed It is commonly found in many of the commercial mixed 
feeds Molasses is often used to mix \vjth feeds in order to give 
them palatability, which is one of its greatest values It is used 
e.'stev&.Ntly z. xn ensimg oi grasses ani 

legumes. 

Wood waste has been hydrohzed with acids to produce wood 
molasses It has been fed to dauy cows and other animals expen 
mentally, and within certain limitations may have a feed replace 
ment value 
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Hominy Grit Industry 

Hominy Feed. In the manufacture of hominy grits from com, 
a by-product known as hominy feed is obtained. It has prac- 
tically the same protein and carbohydrate content as com, and 
may be used as a substitute for it. Practically the same things 
can be said of it as of com for the feeding of dairy cows, although 
it is a little more bulky since it contains considerable amounts oi 
corn bran. When it can be purchased as cheap as com meal, it 
may well be used in the ration. 


Oatmeal Industry 

Oat-Mill Feed. Oat-mill feed is a by-product in the manu- 
facture of oatmeal. The oat grain, when removed from the hull, 
leaves a tip attached to the hull. This, together with the huU, is 
ground into a feed which is high in fiber but low in protein and 
total digestible nutrients. It is often used as a substitute for 
roughage, but its analysis is not much higher than that of oat 
straw. When fed for a concentrate it must be supplemented with 
some high-protein feed. Sometimes it is mixed with molasses to 
nialve it more palatable. 


Citrus-Canning Industry 

Citrus Pulp. Citrus pulp is a by-product of citrus-canning fac- 
tories, where fruit juices, fruits, and other products are canned, 
t consists of the peels, the inside portion and seeds, and some- 
times the entire cull fruit. This is dried, ground, and sold as dried 
ci^s pulp. It is sometimes used as a substitute for beet pulp, 
'vhich it resembles in composition, although it is slightly higher in 
total digestible nutrients. It is not very palatable and the cows 
may require a short time to learn to eat it. It is high in calcium 
ut low in phosphorus. It can be fed dry or it can be soaked 
with water the same as the beet pulp. Dairymen living near the 
^nneries sometimes get it fresh and either feed it within a short 
time or ensile it. 

Ihe liquid portion of the citrus residue is often separated from 
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thoroughly and can incorporate molasses more easily and thor- 
oughly than it can be done on the farm 
Read) mixed feeds are of especial value to the dair)Tnan who 
uses only a small amount of feed or who is so located that it is 
impossible for him to secure readil) a variety of feeds for home 
mixing The buyer should always pay close attenhon to the 
guaranteed anal) sis, so that he may get his protein and total 
nutnents as cheaply as possible His decision as to the use of 
ready mixed feeds should depend largely upon the relativ e pnce 
If the dauyman however, has com, liarley, or oats on his farm, 
and needs a higb-protem feed to balance these, he can usually 
purchase his protem cheaper m the form of one of the high pro- 
tem supplements or he can purchase a high protem ready mixed 
ration. 

Most of the commercial mixed feeds are sold with what is 
known as a "closed formula" The names of the mgredients are 
gxv en but not the amounts of each. The farmer cooperabv es and 
a few others have put on the market an “open formula" feed 
that lists on the tag not only the name but the amount of each 
ingredient Such data are very helpful m compuhng a balanced 
rabon. They have the disadvantage that it is not easy to change 
the formula when prices change rapidly, since it is difficult to 
have the tags changed. 
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the other portion and concentrated It is called citrus molasses 
and has about the same composition and feeding value as black- 
strap or beet molasses 

Packing Plant and Fishing Industries 

Tankage. Tankage is a by product of the packing plant It is 
a high protein feed of animal origin and has been used as a 
protein supplement for dair> cattle It is hi^ in protem of an 
excellent quality and m calcium and phosphorus It is not par- 
ticularly palatable to dairy cattle, but they soon leam to eat it if it 
IS kept fresh When fed m limited amounts it does not seem to 
impart undesirable flavors to the milL 

Blood Meal and Flour. Blood collected at the packmg plant is 
dned and sold as blood meal It is a very high protein feed, con 
tains as much as 80 per cent protein, but it is low in calaum and 
phosphorus It is not very palatable A special process in which 
the blood is dned at a somewhat lower temperature has been 
used m the manufacture of a product known as a soluble blood 
flour, which makes an excellent feed for calves It is more 
palatable and more digestible than the ordmary blood meal It 
seems to have the power of keepmg the digesbve tract of a young 
calf free from disease 

Fish Meal. Fish meal is made either from the entire fish, like 
the menhaden fish meal produced in eastern United States, or 
from the damaged fish and fish heads, as is done with the cod, 
sardine, salmon, and other fish of various regions Fish meal is a 
high protem feed and is rich in calaum and phosphorus The 
protem is of high quality AVhen vacuum dned, it seems to be 
more digestible and contains more vitamins A and D It can be 
used for dairy cattle sahsfactonly, although it should not be fed 
m excessive amounts since it may give the milk a fish flavor 
Manj cow s do not hke it but usually will eat it mixed with other 
feeds It makes a good protem supplement for calves, on account 
of the high quality of its protein 
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Synthetic Feeds 

Urea. Synthetic urea has been manufactured and sold as a 
nitrogenous fertilizer ingredient for some time. Research at many 
experiment stations has shown that it can be utilized by ruminants 
as a part of their protein requirements. Rumen organisms trans- 
form it into protein. 

The urea that is on the market as a feed ingredient is a white 
crystalline product and is mixed with materials to prevent its 
caking. It is standardized to contain nitrogen equivalent to 262 
per cent protein. 

It is recommended that it be used not to exceed 3 per cent of 
the grain mixture. 


Ready-Mixed Feeds 

The manufacture and sale of commercial mixed feeds has be- 
come an important industry, A great number of ready-mixed 
feeds are on the market. Most are excellent feeds, made of good 
ingredients and mixed intelligently. In the past, some of these 
ready-mixed feeds were made of low-quality ingredients and 
were used as a means of disposing of some inferior product. Even 
today this is true for some of the competitive feeds. Most states 
now have laws requiring the labeling of each sack of feed with a 
tag showing the minimum percentage of protein and fat, the 
maximum percentage of crude fiber, and a list of the ingredients 
in the mixture. The amount of each ingredient is not required 
to be listed. At present many excellent ready-mixed feeds may 
be purchased. 

The decision as to whether to buy a ready-mixed feed or to 
mix one on the farm depends upon the relative price, the con- 
venience, and the labor available. There is probably no one 
best mixture for a dairy cow or for any other type of livestock. 
An excellent ration can be mixed on the farm, provided the 
necessary ingredients are at hand or can be secured, and provided 
there is a suitable place for doing the mixing. The feed manu- 
facturers have the advantages Riat they can mix the feeds more 
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Desirable Characteristics 
of a Ration 


In order that the feeds may be combined m such a way that 
the best results are obtained, one must not only be familiar with 
the charactenstics of the individual feeds, but must also know 
what factors enter mto the make up of a desuable rabon A ra- 
tion for a dairy cow should contam a liberal supply of net energy 
or total digestible nutnents, suffiaent protein, sufBaent fat, and 
an adequate supply of minerals and vitamins The ration also 
should be palatable, have a good physiological effect on the 
cow, and under normal conditions should have some bulk and 
vanety It should also be low in cost as regards the nutnents it 
contains 


WHAT BECOMES OF A COW’S FEED’ 

Milk, as has already been pointed out, contams the same com- 
pounds as the co%v’s feed, but in a different form Figure 12 
shows how the elements unite mto compounds to form the feed 
out of which animals manufacture milk and satisfy their bodily 
needs *0115 figure shows that the dairy cow produces her milk 
entuely from the feed and water that she consumes, and that 
unless she recedes sufficient of the right kinds of feed she can- 
not be expected to produce milk 

EABLY SUMMER CONDITIONS THROUGHOUT 
THE YEAR 

In the making of a dairy ration, it should be the aim to imitate 
as nearly as possible the feed conditions of early summer Every 
dairyman knows that the period of highest and most economical 
90 



FROM ELEMENTS TO MILK 


Carbon Hydrogen, Oxygen Nitrogen Sulphur, 
Phosphorus Potassium Calcium Magnesium 
Iron Sodium Silicon Chlorine Manganese 


coMpj)U; 


NDS 


I are a combination of 
I two or more elements I 

PLANTS 



IComposed of Per Cent| 
Water 56 

Muscle Tissues In | 
ternal Organs Ha r [18 
Horns and Skin j 
Fat 21 

Bone 5 


_jCarbohydrates_ 
and Fats 

■ Minerals 


Composed of 

Per Cent 

Water 

871 

Casein and 
Albumen 

} 35 

Butterfat and 
Milk Sugar 

} 87 

M nerals 

07 


Fic 12 Chart showing mteirelation of common component elements of 
plant and animal life that go to imLe no feed and finallv milk 
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milk production is during the early summer months This fact is 
not hard to explam Early summer pasture provides for the dairy 
cow an abundance of palatable feed which is succulent in nature 
Having sufScient bulk and variety, it produces a good physio- 
logical effect upon the cow Pasture also contains plenty of min- 
erals and IS cheap 

RIGHT AMOUNT OF FEED 

An abundance of feed is the first essential m feeding cows for 
profit The pnmitne cow had only to care for herself and to 
feed her calf for a few months After freshening uv the spring of 
the year, she could dei elop the calf and dry off m the fall, and 
her labors were practically done Ifl these days the cow is re- 
garded, especially in the best dairy sections, simply as a factory, 
and, as m any other factory, the cheapest production is possible 
only when the plant is being run to nearly its full capacity 
A cow needs her food mainly for two purposes, namely, for the 
mautenance of her body and for the production of milk, although 
at times she may need it to grow a fetus or to put on wei^t. 
Young animals also need it for growth The feed requuement 
for the maintenance of the body is the amount necessary to keep 
the body m runnmg order, that is, to perform such functions as 
pumping blood, breathing, chewnng and digesting food, and mak- 
ing body repairs It has been shown that certain rather definite 
amounts of protem and energy are required for body mamte- 
nance, the amount depending upon the body surface of the cow, 
or for all practical purposes the weight of the cow 

Figure 13 refers to a cow whose body weight is 1000 pounds 
and who is fed for three levels of production namely, 40 pounds, 
20 pounds, and 10 pounds of milk per day It w01 be noted that 
the maintenance remains constant regardless of production The 
feed requirements for maintenance is very nearly proportional to 
the body surface or the size of the anuna], irrespectiie of breed, 
age, or other factors It is true that a good dairy cow will draw 
on the resen e of her body to produce milk for a limited length 
of lime Nevertheless, the factor for maintenance remains con- 
stant and this resene must eventually be replaced from the feed. 
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othenvise the cow will become emaciated and her production Nvill 
be diminished. 

Figure 13 also shows that it is poor economy to feed sparingly. 
The feed required for maintenance remains the same, and unless 
the cow is fed enough for liberal milk production in addition to 
the requirement for maintenance, the proportion of food which 
goes to make the milk is less than it should be. A cow should be 


What Becomes of a Cow’s Feed 


lOOO-'pound cow producing 40 pounds of 4 per cent milk per day 


1/3 for maintenance 


2/3 for milk 


1000‘pound cow producing 20 pounds of 4 per cent milk per day 


1/2 for maintenance 


1/2 for milk 


1000-pound cow producing 10 pounds of 4 per cent milk per day 

7! ! r 1/3 for 

2/3 for maintenance 

Fic. 13, Chart showing the percentage of feed required for maintenance by 
cows of different producing ability and the amount left for milk production. 

fed practically to the limit of her milk-producing capacity. Aside 
from her feed and care, the limiting factor is ‘the cow^s inherent 
capacity for milk production. The 1000-pound cow producing 
40 pounds of 4 per cent milk uses only one-third of her feed for 
maintenance and two-thirds for milk production. When, how- 
ever, she is fed to produce only 20 pounds per day, she uses 
one-half of her feed for maintenance, leaving only one-half for 
milk production, and when she is fed for only 10 pounds of milk 
per day, she uses two-thirds of her feed for maintenance and 
only one-third for milk production. The economy of high produc- 
tion IS emphatically illustrated. 

Overfeeding. Most dairymen do not feed enough, but there 
are some who, being good feeders, and having cows in their herd 
that do not have the inherent abili^ to produce heavily, overfeed 
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them There is no econom> m feeding a dairy cow more than 
she will return in the milk she produces If the above cow had 
the inherent capacit> to produce only 20 pounds of milk per da>, 
any extra feed consumed b> her will be used for gain in weight 
Unless a cow is in poor condition, flie gam m weight is of no value 
as far as milk producbon is concerned, unless it is used as a 
reserve that may be drawn upon at some future time 

PROTEIN 

A dairy cow must be given an adequate amount of protein or 
other nitrogen containing compounds for body repair and for 
milk production, since she cannot synthesize protem out of mate- 
rials such as carbohydrates and fats, which do not contain ni 
trogen Tlie amount of protein required by a dairy cow depends 
upon her body surface and the amount of milk that she is pro- 
dunng. 

Fortunately , the dairy cow docs not need to be supplied with 
the various amino aads in her feed, since the baetena and other 
microorganisms in her rumen are able to use simple nitrogenous 
compounds and to build these up into complex proteins in their 
own bodv The proteins thus made can be digested further on 
in the digestive tract of the cow and can be made available to 
the cow Tliese proteins from the bacterial cells may provide all 
of the essential amino acids, even though some of them may be 
lacking in the feed fed to the cow For this reason, the dairy 
cow does not require as complete proteins as animals w^th single 
stomaclis Calves however, should be fed high-quality protein 
for the Crst few weeks after birth or until the rumen is developed 
and the bacteria flora therein established 

Since protein feeds arc usually higher in price than carbohy- 
drate feeds, the amount fed is kept to the minimum Sometimes, 
however, the conditions arc such that protem nch feeds may be 
cheaper tlun carbohydrate nch feeds, and then it may be proGt 
able to feed a larger amount of protein than is actually required 
Tlus. of course throws a heavy load on the liver and kidney in 
getting rid of tlie excess nitrogen, but it has been shown that 
Iteavy feeding of protein Is not harmful to dairy cows, provnded 
tliat tliey are pven an ade<{uate ration in otlicr essentials The 
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excess protein is broken do%vn and the nitrogen excreted, and the 
remaining portion can be used for energy. 

The amount of protein required under normal conditions has 
been determined experimentally and is given in the requirements 
for maintenance and milk production in Table B in the appendix. 
The amount needed for growth has also been determined and is 
given in the same table. 

CARBOHYDRATES 

The carbohydrates of feed, consisting of the starch and sugars, 
called nitrogen-free extract, and crude fiber, make up the main 
portion of the ration of dairy cows. They provide both heat and 
energy. The amount required by the cow depends not only upon 
the body surface of the animal but also upon the amount of 
physical and productive work that the animal is doing. 

As the amount of milk that a dairy cow produces increases, the 
amount of carbohydrates needed also increases. The amount re- 
quired also depends upon the amount of protein and fat in- 
cluded in the ration. These two compounds can be broken down 
and utilized for the production of work. Since this is true, 
net energy or total digestible nutrients are generally used since 
they include the productive value of all three of these compounds. 
The carbohydrates are ordinarily the cheaper forms of feed and 
should be fed in large amounts, although not in such amounts that 
the dairy cow will not receive sufficient protein. The amount 
of crude fiber in a ration is an indication of its digestibility. 
With each per cent increase in crude fiber, the ration is reduced 
about 2^2 cent in efficiency. 

FATS 

A certain amount of fat is always found in the common feeds. 
These fats are used much like carbohydrates for the production 
of work, although they are so much more concentrated that they 
are about 214 times more efficient pound for pound than the 
carbohydrates. Carbohydrates, however, can be converted into 
fats; and so an animal could get along with a small amount of 
fat, provided that the ration is adequate in other essentials. 
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Experiments " have shown that for ordinary feeding a level of 
4 per cent of fat in the grain mixture which is fed at the rate of 1 
pound for every 3 to pounds of milk along wth an adequate 
amount of hay and silage of good quality may be considered a 
good level for milk production A higher level is not justified 
if it increases the cost of the ration per unit of total digestible 
nutrients, and'when fit is scarce and higli in price the percent 
age may be lowered to 3 per cent without great loss in production 
or detrimental effect on the cow 

MINERALS 

The ration of a dairy cow must also be adequate in its mineral 
supply Minerals make up about 4 per cent of the weight of a 
cow (exclusive of the content of the digestive tract) and 78 per 
cent of this amount occurs in the bones Minerals have many 
important functions in the body, as has already been pointed out 
For many years the importance of feeding common salt (NaCl) 
and calcium and phosphorus when needed has been recognized 
Recently, the importance of certain “trace elements," such as 
lodme, cobalt, iron and copper has been revealed The necessity 
of feeding these trace elements is restricted to limited areas Al 
though such deficiencies do occur, and may be corrected by the 
feeding of suitable mineral supplements yet, m general, the only 
mineral that usually must be added to a dairy ration is common 
salt 

VITAMINS 

In feeding dairy cattle it is important also that the ration con 
tain a sufficiency of the various vitamins Under favorable farm 
conditions all the vitamins are generally furnished by natural 
feeds or are manufactured in the rumen in adequate amounts to 
meet the needs of dairy animals Under certain conditions how 
ever it is necessary to supplement vitamins A and D Only rarely 
IS it necessary to furnish speaal sources of the other vitamins 
A discussion of the minerals and vitamms are contained m the 
followmg chapter 

® Cornell Exp St Buis 543 and 593 
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PALATABILITY 

To be palatable a feed must be pleasing in flavor so that the 
cow will like it. A cow will do her best when she relishes her 
feed. A ration may contain everything necessary for maximum 
production; yet, if it is not palatable, the cow may not consume 
enough of it to supply nutrients for her maximum production. 
One of the objects of feeding is to tempt the cow’s appetite, 
thereby inducing her to eat up to the limit of her ability to pro- 
duce milk. 

Cows, like people, show individuality by different tastes and 
appetites. Certain feeds not eaten at all by some cows are rel- 
ished by others. Cows can become accustomed to eating some 
feeds that do not at first appeal to them. It is known that palat- 
ability has little effect on digestibility. The advantage of palat- 
able over unpalatable feeds is mainly that the cow will consume 
a larger amount, and, as has been pointed out, the economy of 
production depends largely upon the amount of feed that the 
cow will eat above what is necessary for her maintenance and 
within the limits of her inheritance to produce. If unpalatable 
feeds are to be used, they should be mixed with palatable ones. 
Molasses is sometimes mixed with unpalatable feeds to give them 
the desired palatability. 


SUCCULENCE 

A succulent feed is one that contains the natural juices of green 
forage similar to the natural juices of pasture grass. Although 
milk can be produced satisfactorily even without a succulent 
feed, if a good legume hay is fed and if water is available to the 
cows at all times, cows will usually consume more feed when the 
ration includes some succulent feeds. This is especially true if 
low-quality roughage is being fed. Some of the common succu- 
lent feeds are green grasses, silage, and roots. 

BULK 

A grain mixture is said to have bulk when a definite weight of 
it occupies a relatively large space. To illustrate: 100 pounds of 
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wheat bran occupies much more space than 100 pounds of com 
meal, hence, it is said to be more bulky or lighter 

Bulk is necessary in a dairy ration, but usually bulk is sufficient 
if the required amount of roughage is fed Formerly, it was 
thought that it was necessary to have a certain amount of bulk 
in the gram ration, otherwise the feed would form m balls in the 
digestive tract, the digestive juices would not penetrate, and the 
cows would go off feed Results of experiments * seem to indi- 
cate that the reason for such cows going off feed may not be a 
lack of bulk in the gram ration It has been found that all the 
gram mixture passes directly to the rumen or reticulum and is 
there mixed with the content of the rumen so that all balls of feed 
are broken up very soon after going into the stomach It is more 
necessary to have bulk in the gram mixture for high producing 
cows that are heavily fed than for cows that are fed only a small 
amount of the gram muture Cows will more often go off feed 
when on heavy than when on light feeds 
A good guide is to have the mixture weigh not more than 1 
pound per quart Usually, this will be accomplished by using 
40 per cent by weight of the bulky type feeds Fine gnndmg 
makes a feed heavier and unpalatable Medium grinding or 
crimping grams gives more bulk than fine grinding 
Wheat bran, ground oats, com and cob meal, dried brewers’ 
gram alfalfa meal and beet pulp are common bulky feeds It 
IS advisible to have a certain amount of bulk m the gram ration 
if the feeds are at hand or can be purchased so that the protein 
IS no more expensive than that in other protein concentrates 

VARIETY 

In compounding a gram ration so that it will have palatability, 
three or four grains are generally used for the sake of variety 
It IS a common belief that if a cow is kept on the same ration for 
a long penod of time she will lose her appetite This, however, 
is not necessarily true If the ration contams variety and succu 
lence and is palatable, the cows will do better without many 
changes Cows do not seem to tire of a monotonous diet Simple 
* / Agr Research 44 789 



99 


Cheapness 

home-grovvn rations containing only com or corn and oats sup- 
plemented with some high-protein feed seem to give as good re- 
sults as a mixture having much more variety, when fed with good- 
quality roughage or pasture. 

For winter feeding two lands of roughages are desirable: one, 
a silage or some other succulence; and the otlier preferably a 
legume hay, although good results have been obtained by the 
feeding of a legume hay by itself. The palatability and nutritive- 
ness of such feeds are more important than the number of in- 
gredients. Many feeders feel that grain rations containing a 
reasonable number of palatable feeds are apt to be better liked 
by cows than are those with only 2 or 3 ingredients. They usually 
prefer to have 5 or 6 different ingredients, especially for high- 
producing cows. 


EFFECT OF HEALTH 

Each feed has its own peculiar effect upon the animal body. 
The specific effects of all feeds are not known as yet, but certain 
effects of some of the feeds are established. Com stover, for in- 
stance, is known to cause constipation, and wheat bran has a 
laxative effect. For these reasons, neither of these feeds should 
be fed in large amounts unless some feeds that have the opposite 
effects are fed with them. Some of the roughages, such as silage, 
clover hay, and alfalfa hay, are laxative; some, such as timothy 
hay, oat straw, and com stover, are constipating. When the 
roughages are constipating in effect, a grain mixture of a laxative 
nature must be fed if the dairy cow is to do her best. For most 
efficient production, dairy cows should be fed rations that are 
slightly laxative in effect. 


CHEAPNESS 

The careful feeder will try to select cheap feeds, but in this he 
will not make the cost per ton the essential consideration. The 
important thing to be considered is the cost of 1 pound of digest- 
ible proteins and 1 pound of total digestible nutrients. It is well, 
from the point of view of economy, to make use of as many home- 
grown feeds as possible, and to purchase only what is necessary 
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to balance them properly If homegrown feeds are used the cost 
and labor of marketing is eliminated 

AMOUNT TO FEED 

Feeders should know the amount of gram and roughage to 
give their animals The digestive system of the dairy cow is 
especially adapted to consume large amounts of roughages, and 
she should be given plen^ of bulky feeds The proportion of 
gram to roughage will depend largely upon the amount of milk 
the cow IS givmg Heavy milkers will consume much more gram 
in proportion to roughage than those that are not produang so 
heavily Usually, the poor to medium producers receive only 
about 2S to so per cent from their concentrates, whereas a good 
producer will recewe from 40 to 50 per cent from her concen 
trates Exceptionally high producers may he fed as high as 70 to 
80 per cent of their feed m their concentrates 
The following general rules are given as a guide for the be 
ginner in feedmg to help him to use proper proportions of gram 
and rou^ages in his ration 

Feed all the roughage that the cows iviU eat up clean This 
>vill usually be about 1 to 1^4 pounds of hay and 3 pounds of 
silage to 100 pounds of hve weight per day With no silage as 
much as 2% pounds of hay may be fed Silage, alone, may be 
fed at the rate of 6 to 8 pounds daily per 100 pounds of hve 
weight When beet pulp is used feed about 4 to 8 pounds of 
dry pulp per cow per day If preferred, it may be soaked m 
3 times Ats,.weigbt in water Beets may be fed up to 60 or 80 
pounds 

The gram mixture should be fed in proportion to the milk yield 
As a general rule with a good rou^age, high testing cows are 
fed 1 pound of gram to each 2^ to 3 pounds of milk, and low- 
testing cows 1 pound of gram to each 3,% to 4 pounds of milk. 
With poor roughage, the gram allowance should be increased 
A more exact procedure is given m Table XIII m Chapter 11 
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Minerals and Vitamins 


It has long been lcno^vn that minerals and vitamins are neces- 
sary for the health and well being of an animal and even for 
maintaining life itself The functions of minerals and vitamins m 
the body have already been discussed Unless they are supplied 
either in the natural feed or otherwise, troubles will often appear 
These troubles \vill consist of such conditions as (1) failure of 
the animal to grow to full size, (2) failure of cows to produce as 
much milk as they should, (3) failure of cows to breed regu- 
larly, (4) failure of the cow to cany her calf for the proper 
length of tune, and (5) animals may become stiff and have en- 
larged joints Of course, such troubles may be the result of dis 
ease or poor feeding m general, but if there is no disease and the 
feeding seems to be ample and there is yet trouble, then the lack 
of minerals or vitamms should be considered 


MINERALS 

Animals appear to suffer more from a deficiency of minerals 
than they did in the early days This is true for two reasons (1) 
the amount of minerals m the natural feed, especially the rough- 
age, IS less than it was formerly This is due first to the fact that 
the mineral content of the soil has decreased in the older farrmng 
sections, and more especially the trace minerals which are not 
added in die fertihzer, and, second, the use of heavy fertilizer 
wth the resulting higher yields takes much more of these ele- 
ments out of the sod than when such large crops were not grown, 
and (2) the production of the dairy cow hgg increased greatly, 
which increases the requirements for these minerals Milk is 
rich m minerals, and if a cow produces more milk, the results are 
that more minerals must be supplied 
102 
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Minerals Most Likely to Be Deficient. The fourteen minerals 
required by an animal are sodium, chlorine, calcium, phosphorus, 
potassium, magnesium, sulfur, copper, iodine, zinc, iron, cobalt, 
manganese, and fluorine. The ones that are most likely to be 
lacking are sodium, chlorine, calcium, phosphorus, iodine, cobalt, 
iron, and copper. The so-called trace minerals are copper, cobalt, 
iodine, manganese, zinc, and fluorine. Other minerals found in 
the animal body but of little known importance, are silicon, nickel, 
arsenic, lead, tin, borax, and molybdenum. Some of these are 
found only in the spectrum. All the minerals are contained in 
varying amounts in the common feeds, but sometimes they may 
be lacking and additional amounts must be fed. 

Reasons Why Feeds Lack in Minerals. Under average condi- 
tions of feeding and production, there is small chance of lack of 
minerals in the ration. Of course, sodium and chlorine (common 
salt) must be supplied to all dairy animals. A ration with a 
legume in the roughage to furnish the calcium and with a high- 
protein supplement such as soybean-oil meal mixed together with 
some of the cereal grains and wheat bran, to furnish the phos- 
phorus, should not lack in minerals. However, it is well known 
that animals do sometimes suffer from an inadequate supply of 
minerals. This is brought about under several conditions, such 
as the following, 

1. Lack of Minerals in the Soil. Some soils never did have 
sufficient minerals, whereas other soils have been depleted of 
their minerals by heavy and continuous cropping. Whatever the 
cause, crops grown on such soil give serious trouble to the dairy- 
man, as the cattle fed crops produced on such soils may become 
affected by a lack of sufficient minerals. 

2. Lack of Minerals in the Ration. Insufficient feed or ra- 
tions low in mineral content may result in mineral deficiency, 
which shows up in the dairy herd. Cattle that subsist on a very 
low level of feed intake often do not obtain sufficient protein, 
total digestible nutrients, or minerals, and as a result become very 
unthrifty. Sometimes, however, the ration may seem adequate 
as far as protein and total digestible nutrients are concerned and 
still lack in mineral content. This is because the crops are grown 
on soil that lacks minerals. It >vill be necessary in that case either 
to fertilize the soil or to feed the animals additional minerals. 



104 Minerals and Vitamins 

3. Lack of D m the Rattoj^. Even though the ra- 

tion may contain sufficient protein, digestible nutrients, and min- 
erals, a deficiency disease may nevertheless develop. The cal- 
cium and phosphorus of a ration cannot be properly assimilated 
unless vitamin D is present If this vitamin is lacking in the ra- 
tion for several months, stiffness in le^ and joints, an arched back, 
and general unthriftiness may occur. This vitamin is found most 
abundantly in well-cured hay and is manufactured in the body 
when animals are exposed to the ultraviolet rays of the sun. 

Minerals Needed by Dairy Cattle 

Common’ Salt (NaCl). The sodium and chlorine are con- 
tained in common salt, and this should be supplied at all 
times. All herbivorous animals require a large amount of salt, 
but carnivorous animals do not require more than they obtain 
in their feed. Bunge * states that chlorine is the essential ele- 
ment supplied by salt He states that the chlorine unites with the 
potassium that is found in large amounts in feeding stuffs and 
thus helps expel it from the body. 

Symptoms of salt deficiency, with the exception of the craving 
of the animal in the early stages, are slow in appearing. After 
several months, however, milk flovv may be lowered, the appetite 
may be impaired, and the animal may Jose flesh. Ordinary feeds 
do not contain enough salt for the needs of cattle. Calves fed a 
liberal supply of milk do not require extra salt. 

Calcium. Of all the natural feeds, legume roughages and pas- 
tures are the best sources of calcium. If the winter ration does 
not have any legume roughage and even when bleached-out le- 
gume hay is fed, there may be a deficiency of calcium in the 
ration. Cattle require more calcium than phosphorus, because 
the amount of calcium in the body and in the milk is much greater 
than the amount of phosphorus. Hmvever, a calcium deficiency 
in the ration is less likely than a phosphorus deficiency. This is 
because roughage makes up a large part of the ration of the dairy 
animal and most roughage is richer in calcium than in phos- 
phorus. Only when poor roughages are fed or when the cows 
• /. Dairy Sd , 1:487. 
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are fed largely on grain and other concentrates is a deficiency in 
calcium likely. It is known that a cow can produce milk for some 
time, even for several months, without sufficient minerals in her 
feed, especially calcium or phosphorus. This is because she can 
draw on the reserve supply (the calcium and phosphorus in her 
bones). If she is required to draw on this reserve she should be 
given a chance at some time to replace it. This restoration can be 
made, especially when low mineral rations are fed, only when 
the cow is dry, or nearly so, and best when she is on good pasture. 
This emphasizes the importance of a dry period. Forbes ® found 
that calcium metabolism of the milch cow, regardless of how she 
is fed, is characterized by a rapid loss of calcium from the body 
during the early part of the lactation, changing to retention late 
in the lactation; by continued retention during the dry period; 
and by the most rapid storage at the end of gestation. Although 
this is probably true under most conditions of feeding, Huffman f 
has shown that dairy cows on a heavy ration of good alfalfa hay 
are able to maintain a positive mineral balance even when they 
were producing as much as 70 pounds of milk per day. 

Phosphorus. Most roughages and grains are only fair to poor 
sources of phosphorus. If the roughages are grown on soils low 
in phosphorus they may not contain sufiicient phosphorus and de- 
ficiencies may develop, especially if the animals are being fed 
largely upon roughages without some protein supplement. The 
cereal grains are richer in phosphorus than in calcium but con- 
tain only a moderate amount. However, most of the protein-rich 
by-products of plant origin are much higher in phosphorus than 
are the cereals and roughages. Wheat bran is especially rich in 
phosphorus, standard wheat middlings, cottonseed meal, and lin- 
seed meal are rich in phosphorus, and soybeans and soybean-oil 
meal are medium rich in phosphorus. When these feeds are fed 
in large amounts there \vill probably be no lack of phosphorus 
in the ration. 

Symptoms of phosphorus deficiency in dairy animals are most 
likely to occur during growth and during heavy lactation. Dur- 
ing growth, the symptoms are swollen, stiff, and aching joints; an 
arched back; beaded and deformed ribs, and failure to grow 

• J. Blot Chcm . 52s28. 

] J. Dairy Sci , 13.432. 
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Fic 14 Results of mmeral deBctency This ctw \>ris so stiff she couhl 
scsucely walk, her joints made a noise as she moved, and she showed the 
typical abDomul appetite (Becker) 



Fic 15 Results of feeding bone meal to cow shown m Fig 14 Note the 
difference m apparent stiffness of bind legs and appearance of thrift of the 
animal (Becker) 
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normally. This condition is called rickets. During heavy produc- 
tion the symptoms may not be so pronounced, since the animal 
will draw on her reserve supply for some weeks before she shows 
any outward sign. The cattle suffering from such a deficiency 
often have a depraved appetite and exhibit a craving for such 
tilings as bones, pieces of wood, and other foreign material. In- 
ternally, their bones lose part of their calcium and phosphorus, 
and the phosphorus content of the blood is lowered. This condi- 
tion is called osteoporosis, or osteomalacia when it appears in 
mature animals. 

Calcium-Phosphotius Ratio. Not only should dairy animals 
he fed suflRcient calcium and phosphorus, but a proper ratio 
should be maintained between the two minerals. If there is a 
great excess of one or the other of these minerals, bad effects may 
result even though both are being fed in sufficient amounts. 
Less vitamin D is required when the proper calcium-phosphorus 
ratio is maintained. A 1:1 or 2:1 ratio seems to be satisfactory 
to dairy animals, though if sufficient vitamin D is fed a wider 
ratio may be fed without harm, provided that there is an ade- 
quate supply of both minerals. 

Iodine. In certain sections of the country where there is a lack 
of iodine in the feeds grown, calves at birth may have an enlarge- 
ment of the thyroid gland, a trouble commonly called goiter, or 
“big neck.” It is caused by a lack of iodine in the ration of the 
dam of the calf. Some calves are stillborn and others are weak 
when bom and fail to survive. Many, however, live, but the 
swelling in the neck may remain until she matures. Some calves 
may have very thin coats of hair or be nearly hairless 

Copper and Iron. Copper and iron are needed in the body 
for the formation of hemoglobin in the blood, and when they are 
deficient in the feed, an animal may suffer from nutritional 
anemia. Ordinarily, there is no lack of these elements in the 
ration of the dairy cow. However, in certain areas, notably in 
the sandy region of Florida,* the forage is so low in these ele- 
ments that cattle do suffer from anemia. It is known also that 
calves fed on rations consisting of milk as an exclusive diet or with 
grain will suffer from anemia. When roughage is fed such trouble 
will be avoided. 

* Fla Exp Sta Bui 231. 
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Cobalt If the soil is defiaenl m cobalt, ruminants fed on the 
feed produced on this soil ina> show a disease because of the lack 
of cobalt Animals so affected wnll lose their appetite, become 
unthnft) and emaciated, and mav exhibit depra%ed appetites 
^oung animals may fail to grow normallj and ha%e delayed 
sexual de\elopmenL 

Cobalt deficiency was first noted in Ne\s Zealand and Australia 
It hm’i e\ er, has been found in \ anous places m tiie United5tates, 
often called *^alt Sickness ^ The trouble has been reported m 
Florida, North Carolina, New "korlc. New Hampshire, Massacbu 
setts \fichigan, and V isconsio, sometimes combmed wnth a de 
ficiency of copper and iron. Since the deficiency is found only in 
ruminants it is thought that it might be associated wth the diges 
hon in the paunch, perhaps in the gnnvth of certam important 
bacteria. 

Macntsical It is Ners seldom that the feed of the dairs am 
mal does not contain suffiaent magnesium The feed of calves 
IS sometimes deficient, causmg a tetany of the anunaL It is 
thought also that the lack of magnesium together \eith other ttuq 
eral elements ma\ be the cause of a trouble that sometimes ap- 
pears m the early spring pasture and is known as “grass staggers ” 
or “grass tetany ** This disease often pro\es fatal 
Oi»iEhTR.vCE MiNai.VL5 The normal feed of the dairv cow, as 
far as is known, contains sufficient amounts of the other elements 
to satis^ the needs of the anunaL 


Supplymg ^^mCTak to the Dairy Animal 


(a) Common Salt. One of the common way s of supplying the 
needed salt is to keep it in a box, to afford the oTumalc easy 
and free access as ihe% require it Salt blocks may be used 
in the pasture but are not as satufactory for mfflang cmrs as 
loose salt m co\ ered boxes smce too much tune is required of 
the cow^o get her needs MiDang cows on pasture at the Cornell 
Stabon consumed lo ounces of block salt j>er da\, compared 
to 2.8 ^ces of loose salt b\ similar cxnvs At the Virginia Sta 
bon t i iiunutes were required for a cow to hcL 1 ounce of salt 


• Cornell Perm F^tmrch (July 
1 Lnpublisljed 


1951] 
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from a salt block. One of the common methods of adding salt 
is to put 1 to 114 pounds in each 100 pounds of grain mixture. 
When this is done, the cows should also be given free access to 
salt so that they may secure their requirements if the amount in 
the grain is not sufficient. Cows will not eat too much unless they 
have previously received an insufficient amount. 

Salting at intervals of several days or weeks is not recom- 
mended. The actual amount of salt needed depends upon the 
size of the animal and the amount of milk she is producing. 
Babcock ® concluded that dairy cows should be given about 0.75 
ounce per day for each 1000 pounds of live weight, and about 0.6 
ounce in addition for each 20 pounds of milk produced. Iodized 
salt is often used, especially in areas where goiter is a problem. 

{b) Calcium. Calcium is best supplied by feeding good leg- 
ume roughage. All the legumes are rich in calcium, but the 
cereal grains and their products and nonlegume roughages are, 
as a rule, low in calcium. When the feed of a cow is low in 
legumes, some calcium supplement should be fed. If a ration is 
deficient in calcium alone, then one should feed only calcium for 
supplement. Finely ground limestone ( 100 per cent of it should 
pass through a 40-mesh screen), marl, wood ashes, ground oyster 
or clam shells, and gypsum may all be used when calcium alone 
is needed. When phosphorus is also deficient, steamed bone meal 
of feeding grade can be fed. Steamed bone meal contains both 
calcium and phosphorus and is recommended when both are 
lacking. 

The best way to feed bone meal, ground limestone, marl, wood 
ashes, etc., is to add it to the grain ration at the rate of 1 to 2 
pounds for each 100 pounds of mixture. Sometimes both the 
ground limestone and the bone meal are added to the ration. 
These can also be fed like salt, or mixed with salt, by allowing 
free access to it. It can be put in open boxes, protected from the 
weather, or placed in small cups attached to the manger. Cows 
will seldom eat more than they need when fed in this way. 

(c) Phosphorus. Phosphorus is best supplied by feeding some 
of the high-quality protein supplements, especially wheat bran, 
wheat middlings, cottonseed meal, and linseed-oil meal. Soy- 

• Twenty-second Annual Rept., Wise. Exp. Sta. 
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bean-oil meal and the cereal grains and their products are medium 
m phosphorus, but the bays, silages, and straws and stovers are 
low m phosphorus However, if a good protem ration with suffi 
cient protem to meet the needs of the animal is fed, there is usu 
ally no lack of phosphorus m die ration Because of the fact that 
all the common roughages, the feeds most commonly fed to dairy 
animals, are low in phosphorus, this element is more often lacking 
than calcium and most other mmerals Several supplements for 
phosphorus exist, but one should be careful to choose a supple 
ment that is not too high in its percentage of fluorine 

Bone Meal Steamed bone meal specially prepared for live- 
stock feeding is one of the best forms of phosphorus to feed It 
also contains calcium It has about 82 per cent calcium and 15 
per cent phosphorus m its composibon It can be fed in the gram 
ration at the rate of 1 to 2 pounds per 100 pounds of the feed 
Spent Bone Black, Spent bone black, a by product m the use 
of bone meal m the clanfymg and decolorizing of the syrup m 
the manufacture of sugar, is sometimes used for a phosphorus and 
calaum supplement when the pnce wanants its use It contains 
about two thuds as much calaum and phosphorus as does bone 
meal and is not quite so palatable 
lyicaieium Phosphate P/calaum phosphate, made from rock 
phosphate, is quite satisfactory as a phosphorus supplement, pro 
vided that it does not contain more than 0 3 per cent fluorine 
It contains about 18 per cent phosphorus 
Effects of Too Much Fluorme Traces of fluorine are needed 
m order to develop high-quabty teeth, but such amounts will 
usually be supplied in ordinary rations Rock phosphate hou 
eser, contains as much as 3 to 4 per cent fiuonne and is unsafe 
to use Fiuonne is a poison when taken into the body m large 
amounts Since it is a cumulative poison ordinary rock phos 
phate, even when fed lo smaU amounts ts unsafe to use Cattle 
fed rock phosphate will develop badly decayed teeth, which will 
e%entuall> lead to poor appetites, loss m weight, and declme m 
milk production 

Defluormated Rock Phosphate Rock phosphate or supeiphos 
p ate IS now being heated to a high temperature which drives off 
itmst o the fluQnne, and it is then called defluormated phos- 
phate It should not contam over 0 3 per cent fluorme It can 
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be fed in the same way and in the same amount as was recom- 
mended for steamed bone meal, but care should be taken to see 
that not too much fluorine is fed. 

(d) Iodine. In areas where iodine deficiency is a problem, if 
the cattle are fed iodinized salt instead of ordinary salt, there will 
usually be no trouble with goiter. The iodinized salt should con- 
tain at least 0.007 per cent iodine and the iodine should be put 
in by a process that will stabilize the iodine so that its strength 
wll not be weakened. In areas where there is no deficiency, it is 
not necessary to add it to the ration. A farm mix of iodized salt 
may be made by adding % ounce of potassium iodide to 100 
pounds of common salt, mixing it first with a few pounds of 
salt and tben mixing this with the remainder in order to get a 
thorough mixture. 

(e) Iron and Copper. Only when there is a definite lack of 
iron and copper in the ration should they be fed. An excess of 
iron seems to interfere with the absorption of phosphorus by 
forming insoluble iron phosphates, and an excess of copper may 
cause poisoning of the animal. Ordinarily, there is no lack of 
these elements in the feeds of dairy animals, but in certain sandy 
areas the forage is so low in these elements that cattle suffer 
from anemia. Often, the deficiency is combined with a deficiency 
of cobalt. The trouble can be prevented by giving the cattle 
access to a mineral mixture consisting of 100 pounds of common 
salt, 25 pounds of red oxide of iron, 1 pound finely ground copper 
sulfate, and, when combined with a cobalt deficiency, 1 ounce 
of cobalt sulfate, cobalt chloride, or cobalt carbonate This 
should be thoroughly mixed so that the animal will not get too 
much of the copper or cobalt. 

if) Cobalt. In areas where cobalt deficiency occurs, so that 
animals become “salt sick,” the trouble may be prevented by 
thoroughly mixing 0.5 to 1 0 ounce of cobalt sulfate, cobalt 
chloride, or cobalt carbonate with 100 pounds of salt and giving 
animals free access to it. When iron and 'copper are lack- 
ing they should also be added as described above. If the animals 
are already badly affected with cobalt deficiency, it may be neces- 
sary to drench the animal in order to get the cobalt into her. A 
suitable treatment would be to make a stock solution of 1 ounce 
cf cobalt sulfate in 1 gallon of water, and for mature animals give 
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ean*oil meal and the cereal grains and their products are medium 
a phosphorus, but the hays silages, and straws and sto\eis are 
ow in phosphorus Hov.ever, if a good protein rahon ^nth suffi 
nent protem to meet the needs of die animal is fed, there is usu 
allj no lack of phosphorus m the rabon Because of the fact that 
all the common roughages, the feeds most commonly fed to dairy 
animals, are low m phosphorus, this element is more often lackmg 
than calaum and most other mmerals Several supplements for 
phosphorus exist, but one should be careful to choose a supple 
ment that is not too high in its percentage of fluonne 

Bone Meal Steamed bone meal specially prepared for U\e- 
stock feeding is one of the best forms of pbosphoms to feed It 
also contains calcium It has about 32 per cent calmum and 15 
per cent phosphorus m its composibon It can be fed in the gram 
rabon at the rale of 1 to 2 pounds per 100 pounds of the feed 
Spent Bone Black. Spent bone black, a by product m the use 
of bone meal in the clarifying and decolorizing of the s>TUp m 
the manufacture of sugar, is sometimes used for a phosphorus and 
calcium supplement when the pnce w’arrants its use It contains 
about two-thuds as much calaum and phosphorus as does bone 
meal and is not quite so palatable 
Dicalcium Phosphate Dicalaum phosphate, made from rock 
phosphate, is quite satisfactory as a phosphorus supplement, pro- 
vided that it does not contain more than 03 per cent fluonne 
It contains about 18 per cent phosphorus 
Effects of Too Much Fluorme Traces of fluonne are needed 
m order to develop high-quality teeth, but such amounts ^^^ll 
usually be supphed m ordinary rabous Rock phosphate, how 
ever, contains as much as 3 to 4 per cent fluonne and is unsafe 
to use Fluonne is a poison when taken into the body m large 
amounts Since it is a cumulative poison, ordinary rock phos 
phate, even when fed in small amounts is unsafe to use Cattle 
fed rock phosphate will develop badly decaj ed teeth which will 
eventuallj lead to poor appebtes loss m weight, and decline m 
milk producbon 

Defluonnated Rock Phosphate Rock phosphate or superphos 
phate IS now being heated to a hi^ temperature which dnv es off^ 
most of the fluonne and it is then called defluormated phos 
phate It should not contain over 03 per cent fluonne It can 



Supplying Minerals to tlie Dairy Animal 111 

be fed in the same %vay and in llie same amount as was recom- 
mended for steamed bone meal, but care should be taken to see 
that not too much fluorine is fed. 

(d) Iodine. In areas where iodine deficiency is a problem, if 
the cattle are fed iodinized salt instead of ordinary salt, there will 
usually be no trouble with goiter. The iodinized salt should con- 
tain at least 0.007 per cent iodine and the iodine should be put 
in by a process that will stabilize the iodine so that its strength 
\vill not be weakened. In areas where there is no deficiency, it is 
not necessary to add it to the ration. A farm mix of iodized salt 
may be made by adding % ounce of potassium iodide to 100 
pounds of common salt, mixing it first with a few pounds of 
salt and then mixing this with the remainder in order to get a 
thorough mixture. 

(c) Iron and Copper. Only when there is a definite lack of 
iron and copper in the ration should they be fed. An excess of 
iron seems to interfere with the absorption of phosphorus by 
forming insoluble iron phosphates, and an excess of copper may 
cause poisoning of the animal. Ordinarily, there is no lack of 
these elements in the feeds of dairy animals, but in certain sandy 
areas the forage is so low in these elements that cattle suffer 
from anemia. Often, the deficiency is combined with a deficiency 
of cobalt. The trouble can be prevented by giving the cattle 
access to a mineral mixture consisting of 100 pounds of common 
salt, 25 pounds of red oxide of iron, 1 pound finely ground copper 
sulfate, and, when combined with a cobalt deficiency, 1 ounce 
of cobalt sulfate, cobalt chloride, or cobalt carbonate. This 
should be thoroughly mixed so that the animal will not get too 
much of the copper or cobalt. 

if) Cobalt. In areas where cobalt deficiency occurs, so that 
animals become "salt sick,” the trouble may be prevented by 
thoroughly mixing 0 5 to 1.0 ounce of cobalt sulfate, cobalt 
chloride, or cobalt carbonate with 100 pounds of salt and giving 
the animals free access to it. When iron and 'copper are lack- 
mg they should also be added as described above. If the animals 
are already badly affected with cobalt deficiency, it may be neces- 
sary to drench the animal in order to get the cobalt into her. A 
suitable treatment would be to make a stock solution of 1 ounce 
of cobalt sulfate in 1 gallon of water, and for mature animals give 
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1 tablespoonful per day in a drench and for young calves 2 tea 
spoonfuls per day in tbeir miUc. This should be continued onl> 
until the animal can eat the salt. One should avoid feeding loo 
much cobalt, although the exact amoimt that will cause trouble 
has not been definitel> established 

Mineral Mutures Complex propnetar> mineral mixtures are 
often found on the inarl>.et containing other minerals than hav e 
been herewith recommended. Many of these have been tned 
out experimentally and have given no better results than simple 
mixtures containing the minerals that are known to be lackmg 
A simple mineral muture consisting of 2 parts of bone meal, 1 
part of finely ^ound limestone, and 1 part salt will usually give 
good results If, however, the deficiency is for calcium alone, 
2 parts of finelj ground limestone, with 1 part of salt would be 
sufficient If there is a phosphorus defiaency, bone meal or one 
of the other phosphorusKxmtaimng substances should he used 
instead of the limestone Howcvct, when the deficiency is not 
fully known, the first mixture meoboned should be fed In using 
these mutures they may be put mto a box to which the cows 
have free access, or they may be added to the gram mixture at 
the rate of about 40 to 60 pounds per ton In areas where a de 
ficiency of iodine exists, lodimzed salt should he used, in areas 
where other deficiencies are known to exist, the rahon should be 
supplied with the minerals as previously advised If not needed, 
the feeding of trace mmerals in a salt mixture wtU not be of any 
help and may be detnmental Experiment stations are recom 
mending the feedmg of only those elements that are likely to be 
lacking. 

VITAMINS 

The feedmg of vitamins to daii> animals pla>s an important 
part in their nutrition These organic compounds profoundly 
affect dair> farming b> increasing the efficiency of production and 
by preventmg nutritional diseases The vitamins in the ration 
are important not onl> for the nutrition of the cow herself but for 
the nutnbveness of the milk that she produces In most of the 
studies of feeds the needs of the animal are the only considera 
tjon, but with V jtamin feeding it is necessary to consider also its 
effect on the vilamm content of the milk produced The milk 
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should carry an adequate supply of the ^itamins since it is used 
as human food. 

There are at present at least 15 or 16 vitamins whose existence 
has been proven and their functions studied. Only two of these, 
however, must be furnished to the mature dairy animals in the 
feed. The cow seems to be able to synthesize many of them in 
her body. The two that must be furnished to the cow are vitamin 
A or its precursor, carotene, and vitamin D. 

Vitamin A and Carotene. Carotene is the precursor of vitamin 
A. Plants do not have vitamin A in their composition. The ani- 
mal can change the yellow colored carotene of the feed to the 
colorless vitamin A in her body. This is a simple chemical 
change, taking place, probably, in the intestinal wall,® and it re- 
sults in the splitting of the carotene molecule into two molecules 
of vitamin A, thus 

CioHse + 2H2O 2C20H30O 

Carotene + Water —*■ Vitamin A 

Carotene is widely distributed in plants but is more abundant 
in those of green, yellow, or orange color. The feeds increase in 
their carotene content as the color intensifies. The dairy cow 
must be given carotene in her feed since she cannot synthesize 
vitamin A or carotene in her body, and it is necessary for life and 
Well-being. The liver acts as the storehouse of carotene and also 
serves to regulate the amount of vitamin A to be transferred to 
other parts of the body. In milk is found both vitamin A and 
carotene. Since vitamin A is colorless, milk yellow in color con- 
tains both vitamin A and the unchanged yellow carotene. 

Carotene in Feeds. As already stated, feeds with green, yel- 
low or orange color are rich in carotene. The animal turns part 
of this into vitamin A in her own body and part is used as caro- 
tene. Hence, to assure an adequate supply, feeds rich in caro- 
tene must be fed. The amount of vitamin A or carotene in milk 
depends to a large extent upon the amount in the feed. Cows fed 
rations lacking in carotene will produce milk lacking in vitamin 
A and carotene. 

Probably the best source of carotene is good, green pasture. 

Borden’s Review of Nutrition Research, 13:64 (1952), 
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1 tablespoonful per day in a drench and for young calves 2 tea 
spoonfuls per day in their milk This should be continued only 
until the animal can eat the salt One should avoid feeding too 
much cobalt, although the exact amount that will cause trouble 
has not been definitely established 

Mineral Mixtures Complex proprietary mineral mixtures are 
often found on the market containing other minerals than have 
been herewith recommended Many of these have been tried 
out experimentally and have given no better results than simple 
mixtures containing the minerals that ate known to be lacking 
A simple mineral mixture consisting of 2 parts of bone meal, 1 
part of finely ground limestone and 1 part salt will usually give 
good results If, however, the deficiency is for calcium alone, 
2 parts of finely ground limestone, with 1 part of salt would be 
sufficient If there is a phosphorus deficiency, bone meal or one 
of the other phosphorus containing substances should be used 
instead of the limestone Howeier, when the deficiency is not 
fully known the first mixture mentioned should be fed In using 
these mixtures, they may be put into a box to which the cows 
have free access, or they may be added to the gram muture at 
the rate of about 40 to 60 pounds per ton In areas where a de 
ficiency of iodine exists lodimzed salt should be used, m areas 
where other deficiencies are known to exist the ration should be 
supplied with the minerals as previously advised If not needed 
the feeding of trace mmerals in a salt mixture will not be of any 
help and may be detnmental Expenment stations are recom 
mending the feeding of only those elements that are likely to be 
lacking 

VITAMINS 

The feeding of vitamins to dairy animals plays an important 
part m their nutrition These organic compounds profoundly 
affect dairy farming by increasing the efficiency of production and 
by preventing nutritional diseases The vitamins m the ration 
are important not only for the nutntion of the cow herself but for 
the nutntiveness of the milk that she produces In most of the 
studies of feeds the needs of the animal are the only considera 
tion but Hith vitamm feeding it is necessary to consider also its 
effect on the vitamin content of the milk produced The milk 
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should carry an adequate supply of the vitamins since it is used 
as human food. 

There are at present at least 15 or 16 vitamins whose existence 
has been proven and their functions studied. Only two of these, 
however, must be furnished to the mature dairy animals in the 
feed. The cow seems to be able to synthesize many of them in 
her body. The two that must be furnished to the cow are vitamin 
A or its precursor, carotene, and vitamin D. 

Vitamin A and Carotene, Carotene is the precursor of vitamin 
A. Plants do not have vitamin A in their composition. The ani- 
mal can change the yellow colored carotene of the feed to the 
colorless vitamin A in her body. This is a simple chemical 
change, taking place, probably, in the intestinal wall,® and it re- 
sults in the splitting of the carotene molecule into two molecules 
of vitamin A, thus 

C40H56 4 - 2H2O — » SCgoHaoO 
Carotene 4- Water — > Vitamin A 

Carotene is widely distributed in plants but is more abundant 
in those of green, yellow, or orange color. The feeds increase in 
their carotene content as the color intensifies. The dairy cow 
must be given carotene in her feed since she cannot synthesize 
vitamin A or carotene in her body, and it is necessary for life and 
well-being. The liver acts as the storehouse of carotene and also 
serves to regulate the amount of vitamin A to be transferred to 
other parts of the body. In milk is found both vitamin A and 
carotene. Since vitamin A is colorless, milk yellow in color con- 
tains both vitamin A and the unchanged yellow carotene. 

Carotene in Feeds. As already stated, feeds with green, yel- 
low or orange color are rich in carotene. The animal turns part 
of this into vitamin A in her own body and part is used as caro- 
tene. Hence, to assure an adequate supply, feeds rich in caro- 
tene must be fed. The amount of vitamin A or carotene in milk 
depends to a large extent upon the amount in the feed. Cows fed 
rations lacking in carotene will produce milk lacking in vitamin 
A and carotene. 

Probably the best source of carotene is good, green pasture. 

• Borden’s Review of Nutnttan Kesearc7t, 13.64 (1952). 
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Often, the milk from cows on pasture will contain more than 
^vlce as much vitamin A and carotene as when the> are bam fed 
However, even pasture, when it becomes dry and weathered, loses 
much of its carotene content and cannot be counted on as a good 
source of carotene 

In the field curing of hay or other dry roughages a considerable 
portion of the carotene is destroyed, especially if it is bleached 
either by the sun or ram Hay cured with a green color is a good 
source of carotene Much of the carotene may be lost during 
storage for a long period of time 

Com silage i anes considerably in its carotene content, depend 
ing upon Its greenness when ensiled, if ensiled when very green, 
it may have as much carotene as well cured alfalfa hay Hay- 
crop silages ensiled when the crop is green is a good source of this 
vitamin Com stover, straws and similar feed lacking m green 
color are extremely low in carotene 
The concentrates, with the exception of yellow com meal and 
by products made from it arc practically free of carotene Even 
yellow com is not a good source of carotene, since it contains 
only about one tenth to one quarter as much carotene as does 
well cured alfalfa hay and the amount fed is so much less 
Cod liver oil and other fish liver oils are the nchest source of 
vitamin A These oils are often fed to dairy calves, cod liver oil 
however, is not suitable for dairy cows because of the depressing 
influence it has on the fat percentage of the cow’s milk 

The requirements of carotene and vitamm A fof dairy cattle 
IS given m Table B m the appendix The best way to supply die 
needed vitamin A is to furnish the cows an adequate supply of 
green pasture in the summer time and to feed them high qu^ty, 
leafy, green roughage (hay or silage) during the winter months 
Vitamm D Green forage, silages, and their by products are 
low m vitamin D In fact growing crops are entirely lacking m 
vitamm D The sunhght or other lights that contam the ultra 
violet rays have the power of changing the provitamm D, ergos 
terol and related compounds, into vitamin D Small amounts 
of these provitamins are found in most of the common feeds, 
which when exposed to the sunshine, change into vitamm D 
Hays cured away from the sun are usually low m this vitamm as 
ate hay crop silages Com silage may have a moderate amount 
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Cattle exposed to the sun*s rays usually will not be lacking in this 
vitamin, for the ultraviolet rays from the sun, acting upon these 
provitamins in their bodies, produce sufficient vitamin D for their 
needs. During the season of the year when cows are housed, or 
when there is little or no sunshine, cattle may be lacking in this 
\'itamin, although this is seldom experienced. The feeding of 
activated, or irradiated plant sterol (300 to 400 International units 
per 100 pounds liveweight daily) is a sufficient protection 
against rickets for calves that are not in sunlight. It has never 
been proven experimentally that mature cows benefit from the 
addition of vitamin D in the ration, but it is often added to the 
dairy ration, especially during the winter months. One pound 
of irradiated yeast or other vitamin D supplement is added to 
1 ton of the feed. 

The feeding of 10 ounces per day of irradiated yeast to milking 
cows over a period of time will result in a milk that is quite rich 
in vitamin D. However, since it is rather expensive to add vita- 
min D in this way, this method of fortifying milk has given way to 
other less expensive methods. 

Vitamin B Complex. Vitamin B complex is a term now applied 
to a group of vitamins that was formerly considered a single 
factor, vitamin B. There seem to be at least twelve or more of 
these vitamins, and perhaps others that have not been isolated 
as yet. 

However, it is unlikely that these vitamins will be lacking in 
rations of dairy cows, for two reasons. (1) Green forage, such as 
pastures, are rich in these vitamins. Well-cured legume hay and 
silages are good sources of these vitamins. Good mixed hay also 
helps supply them. (2) The dairy cow, through the action of 
the organisms in her paunch, has the ability to synthesize these 
vitamins. An ample supply is therefore assured to the cow, even 
though the feed may be lacking in them. 

A dairy cow will seldom have a deficiency in these important 
vitamins. No benefits have been obtained by feeding calves 
vitamin B supplements even before the normal rumen digestion 
starts, after which they can manufacture their own in the paunch. 
The milk that is fed to young calves will supply their needs. 

Vitamin C (Ascorbic Acid). The lack of ascorbic acid in the ra- 
tion of certain animals (man, monkey, and guinea pig) leads to a 
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disease known as scurvy \Vitli dairy cattle, hou ever, such a dis 
ease is not known The cow probably has a requirement for the 
vitamin, but is able to synthesize suffiaenl amounts for her needs 
somewhere in her body The amount of vitamin C in the milk 
IS not greatly affected by the amount that is m the feed consumed 
Experiments have shown that dairy cows may be fed large 
amounts of ascorbic acid m their rations or may be fed rations 
practically devoid of it, and, m both cases, the amount in their 
milk is normal 

Green forage and sprouted seeds are nch in vitamin C, and the 
silages are good sources Dried roughages, grains, and their bj - 
products are lacking in this vitamm Since vitamin C is easily 
oxidized it IS almost useless to feed it to cows, because it would 
be oxidized in tbeir paunch and they would receive little benefit 
from it 

Experiments have failed to establish that the feeding or the 
hypodermic injection of a solution of ascorbic acid into the animal 
has any beneficial results m cases of stenlity in either cows 
or bulls 

Vitamm E Vitamm E is necessary for successful reproduction 
in certain species of animals, but with the dairy cow there seems 
to be no deficiency This may be ( I ) because the common feeds 
contain an ample supply of this vitamm, or (2) the animal is 
able to synthesize her own needs somewhere m her body, or (3) 
she does not need the vitamin for reproduction 

Gullickson * fed dairy cattle on rations deficient in vitamin E 
They reproduced normally Several of the expenmental animals 
died suddenly during the tnals apparently from cardiac failure, 
probably as a result of vitamm E deficiency 

Vitamin E is found m most of the common feeds fed to dairy 
cows It is abundant in the germ of the cereal grains and other 
seeds, m green forage, and in high-quality hays Different forms 
of this vitamin have been isolated and these organic compounds 
are called tocopherols 

Minerak and Vitamins Easily Supplied. From the foregoing 
discussion, it tan easily be seen that dairy cows on a good, care- 
fully balanced ration, selected and fed according to ordinary 
•j Dotty Sci, 32 495 



The Development 
of Feeding Standards 


A feeding standard is a tabulation of the feed requirements 
for maintenance and production, or for growth and repro 
duction In the past, it has been based chiefly upon the require- 
ments for digestible protein and total digestible nutrients or 
energy Considerable information now exists as to the require- 
ments of dairy animals for calcium, phosphorus, and carotene 
The minimum requirements of certain other minerals and vita- 
mms are also known, so that the scope of feeding standards is 
widening 

The three general types of feedmg standards are (1) the com 
parative type, which was based on simple feeding tnals in which 
one feed is compared with another, (2) the digestible nutrient 
type, in which the requirements are based upon the digestible 
composition of the feeds, and (3) the production value type, m 
which the requirements are based upon the energy requirements 
of the animal 


COMPARATIVE TYPE 

Thaer’s Work The German scientist Thaer m the year ISIO 
suggested a method of companng the different feeds He used 
meadow hay as a unit and based the value of the rest of the feed 
mg stuffs on its value He found, for instance, that only 91 
pounds of alfalfa hay were necessary to equal 100 pounds of 
meadow hay m feeding value, and that 200 pounds of potatoes 
were required to replace 100 pounds of meadow hay He never 
formulated a deffnite standard but simply gave a comparison of 
the feedmg stuffs A system very similar to this is now used ex 
tenswely in the Scandinavian countries 
118 
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Scandinavian Feeding System. The Scandinavian feeding 
standard is more valuable than tliat of Thaer m that it is the 
result of observations on tliousands of cows, extending over a 
great number of years The quantity of milk was also taken into 
consideration For some years ® a number of dairy farms m 
mark, Sweden, and parts of Norway were under the chrect ob- 
servation of tile respective governments Complete records were 
kept of the feed consumed and of tlie quantity of milk pro 
duced, and m 18&4 Professor Fjord formulated the Scandinavian 
feedmg standard The basis of tins standard is tlie feed unit 
One pound of tlie common grams, such as com, barley, w eat, 
etc , IS given a value of 1 unit, and the value of all other feeds 
IS based upon diese, some being higher and some ^ ^ 

case might be According to the Scandinavian standard, 1 teed 
nnit IS requued for each 150 pounds of body weight, and 1 addi- 
tional unit for every 3 pounds of milk produced 
The feed unit values are not entirely accurate, smee fee s ric 
^ protein are often given a higher value than those low m pro- 
tein but containing an equal amount of net energy For examp e, 
gbten feed has a feed-unit value of 0 88 (0 88 PO^nd equals 1 
feed unit) This is lower than tliat of corn, which is 0 97, bu 
according to the table showing the net energy value, corn con- 
tains more net energy than does gluten feed 
The greatest value of this system is its simplicity The teed- 
value of the common feeds can be remembered and after a 
•'We prachce a practical raUon can be figured without referring 
to tables 

, Since the condition and the feeds m the United States are so 
diSereiit from those m the Scandinavian countries, this system iia 
ttever been used widely here 


DIGESTIBLE NUTRIENT SYSTEM 
Grouven’s Feedmg Standard In 1859,t about 50 years aft 
‘Saer puhhshed his compansons. Grouven, another German ex 
O^tiuienter, proposed a feedmg standard based upon e 
protein, carbohydrates, and fats contained m the feeds 
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Scandinavian Feeding System. Tlie Scandinavian feeding 
itandard is more valuable than that of Thaer in that it is the 
result of observations on thousands of cows, extending over a 
great number of years. The quantity of milk was also taken into 
consideration. For some years ® a number of dairy farms in Den- 
mark, Sweden, and parts of Norway were under the direct ob- 
servation of tlie respective governments. Complete records were 
kept of the feed consumed and of the quantity of milk pro- 
duced, and in 1884 Professor Fjord formulated the Scandinavian 
feeding standard. The basis of this standard is the feed unit. 
One pound of the common grains, such as com, barley, w eat, 
etc., is given a value of 1 unit, and the value of aU other feeds 
is based upon these, some being higher and some lower as the 
ease might be. According to the Scandinavian standard, 1 teed 
imit is required for each 150 pounds of body weight, and 1 addi- 
tional unit for every 3 pounds of milk produced. ^ r j ■ u 
The feed-unit values are not entirely accurate, since feeds rich 
ia protein are often given a higher value than those low in pro 
tein but containing an equal amount of net energy. For examp e, 
gluten feed has a feed-unit value of 0.88 ( 0.88 pound equals 1 
feed unit). This is lower than that of corn, which is 0.97, but 
Moording to the table showing the net energy value, corn con- 
tains more net energy than does gluten feed. ^ on, f H 

The greatest value of this system is its simplicity. e ee 
TOit value of the common feeds can be remembered and alter a 
httle practice a practical ration can be figured witliout referring 
^0 tables. 

Since the condition and the feeds in the United Slates are so 
diSerent from those in the Scandinavian countnes, this system ha 
uever been used widely here. 


DIGESTIBLE-NUTRIENT SYSTEM 
Grouven’s Feeding Standard. In 18S9,t about 50 years after 
fkaer published his comparisons, Grouven, another Geiman e 
perimenter, proposed a feeding standard based upon the crude 
Pmtein, carbohydrates, and fats contained in the feeds. 


* Wbc. E,p, S(a. circ. 37. 
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standard required that a cow weighing 1000 pounds be fed 28 7 
pounds of dry matter containing 276 pounds of crude protein, 
086 pound of crude fat, and 1455 pounds of crude carbo- 
hydrates 

Soon after this standard was proposed, Henneberg and Stoh 
mann carried on digestion trials and found that the total nutnents 
contained m a feed did not form an accurate guide to its \alue 
The proportions of the digestible parts varied with the different 
feeds, hence, digestible nutnents would be more valuable 

WolfTs Feeding Standard Dr Emil von Wolff made similar 
studies, and in the year 1864 proposed a standard based upon 
the digestible protein, digestible carbohydrates, and digestible 
fat His standard for dairy cows weighing 1000 pounds is as 
follows dry matter, 24 5 pounds containing 2 5 pounds of di- 
gestible protein, 12 5 pounds of digestible carbohydrates, and 0 4 
pound of digestible fat This has a nutritive ratio of 1 to 5 4 
The nutritive ratio is the proportion of protein to carbohydrates 
plus 2 % times the fat This standard, although a great im 
provement over the others, was deficient in that it did not take 
into consideration the quantity and quality of the milk produced 
Wolff Lehmann Feeding Standard The Wolff standard was 
used until 1896, when it was modified by Dr C Lehmann of 
Berlin after which it ^vas called the Wolff Lehmann standard 
Lehmann took into account (he quantity of milk This was an 
improvement over the Wolff standard, although Lehmann failed 
to take into account the quality of the mdk This standard was 
used for a great many years, and at the present time \anous 
modifications of it are employed extensively in the United States 
Haeckers Feeding Standard Haecker, of the University of 
Minnesota, added two refinements to the standards of his time * 
He was the first to separate the requirements for maintenance 
from the requirements for milk production, and he also took into 
consideration not only the quantity of milk but also its quality 
With this system the needs of a cow of any size, producing any 
quantity or quality of milk, can be easily computed Haecker 
expressed the value of the feeds under three heads— digestible 
crude protein, carbohydrates, and fat Later, however, they 
• Atinn Eip Slo Bui 130 
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were grouped under two heads: * namely, digestible crude pro- 
tein and total digestible nutrients. 

Savage Feeding Standard. Savage, of the Cornell Experiment 
Station,! after many trials, came to the conclusion that the 
Haecker standard was too low, especially in protein. He main- 
tained that the nutritive ratio should not be wider than 1 to 6. 
His standard, therefore, increased the protein requirement above 
that of the Haecker standard by about 20 per cent. He also com- 
bined digestible protein, digestible crude fiber, digestible ni- 
trogen-free extract, and digestible fat multiplied by 2% into what 
is called total digestible nutrients. This was done to simplify 
the computation of a ration. Other standards, including the 
Haecker standard, are now expressed in this manner. 

Morrison Standard. Professor F. B. Morrison, the author of 
Feeds and Feeding, endeavored to combine in one set of standards 
what seemed in his judgment to be the best guides available in 
tire computation of rations for various classes of livestock. These 
were first published in 1915, the fifteenth edition of Feeds and 
Feeding. Extensive changes were made in 1936, in the twentieth 
edition, and many more changes were made in 1948 and pub- 
lished in the twenty-first edition of Feeds and Feeding. These 
changes were made because of much additional information 
which has been gained concerning the nutrient needs of dairy 
cattle. This standard is given in Table B in the appendix. The 
standard is now expressed in terms of digestible protein and 
total digestible nutrients, as in the earlier standard. However, 
figures are given for the net energy requirements, so that if one 
desires he can compute rations, using net energy and disregard- 
ing the total digestible nutrient figures. In this standard, recom- 
mended allowances are also given for calcium, phosphorus, and 
carotene. Also, the digestible protein, total digestible nutrients, 
and net energy are given a range. This has been done because 
it was felt that the economic conditions should determine whether 
it is better to use the lower or the higher figure. For example, 
if high-protein feeds are not unduly high in price, it is best to 
use the higher recommendation, but if proteins are expensive, 
it would be better to use the lower recommendations. The same 

• Afinn. Exp Sta. Bui 218. 
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could be said about total digestible nutrients Furthermore, it 
should be understood diat the nutnents recommended are only 
guides, that the same kind of feed mav differ greatl> in anal>sis 
and feeding I'alue, and tliat animals themseKes differ somewhat 
m their abihty to utilize feeds For these reasons, the results 
should be satisfactory if the ration falls within the lunits set. 

National Research Council Standari A recommended nu- 
trient allowance for dairy cattle was prepared b> a subcommittee 
of the committee of animal nutnbon of the Vational Research 
Council It 1 % as published in 1945 and reiTsed m 1950 This was 
the first attempt in the history of animal nutnbon to deselop 
nutnent standards for dauv cattle bv a committee of nutnbonists 
Mho had made a speoaltj of dairy cattle nutnbon This standard 
IS gn en in Table C m the appendix. 

It will be seen that this standard is stated in terms of digestible 
protem and total digestible nutnents and also includes the recom 
mended requirements for calcium phosphorus, and carotene, as 
well as Mtamm D for growing animals It also gives the require 
ments for growth and for the last 6 to 72 weeks of pregnancv 
\famtenance requirements of breeding bulls are also included 
The requirements are quite similar to those of the Momson 
standard 


PRODUCTION VALUE TYPE 
Kellner Feedmg Standard Kellner, a German investigator, 
published m 1907 a feeding standard * based upon starch as the 
unit of measure He also took into account not only the digest! 
bility of the feeds, as calculated from the amount lost in the feces, 
but also the entire loss from the body and the energy expended 
in digesting and passing the food through the body The amount 
remaining is what the animal has left to use m a productive way 
Kellner s standard is thus more complete than the prevnous ones 
Armsby Feedmg Standard. By the use of the respiration ap- 
paratus Kellner and Zuntz were able to determine bow much of 
the energy of the feed was required for mastication, digestion, 
and assimilation Annsby went a step further by using the respi 
• Thg Scientific Feedmg of Farm Ammah kcllner 
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ration calorimeter. He determined not only the energy required 
for mastication, digestion, and assimilation of tlie food, but also 
the amounts of heat and gases given off by the body. By means 
of his apparatus he was able to calculate the true net energy avail- 
able in tlie various feeding stuffs. Table X shows what becomes 

TABLE X 


Net Energy from 100 Pounds op Corn Meal, 
Timotiit Hay, and Wheat Straw 



Gross 

Energy, 

; therms 

Energy Lost 

in 

Avail- 

able 

Energj* 
Lost in 

Net 

Energy 

Re- 

maining, 

therms 


Feces, 

therms 

i 

' Meth- 
ane, 
therms 

Urine, 

therms 

Energy 

Re- 

maining, 

therms 

Work 
of Di- 
gestion, 
therms 

100 lb corn 
taeal 

180,3 

21 .2 

15.9 

8.1 

135 1 

62.2 

82.9 

100 lb. tim- 
othy hay 

181.2 

86.2 

1S.6 

7.1 

74. S 

81. 8 

48.0 

100 lb. wheat 
straw 

184.6 

107.5 

15.3 

4.4 

57.4 

47.3 

; 10.1 


Expressed In Percentage 


Corn meal 1 

100 1 

12 1 

9 1 

4 1 

75 

29 

46 

'I'miothy hay | 

100 

i 

7 1 

4 1 

41 

17 

24 

IVheat stra« 

100 1 

1 59 ' 

8 

, 

2 

31 

26 : 

1 

5 


of the digestible nutrients of com meal, timothy hay, and wheat 
straw when fed to dairy cattle. 

He found that the amount of energy lost in the gases and in 
the labor of mastication, digestion, and assimilation sometimes ex- 
ceeds the amount lost in the feces and unne, the two latter being 
the only losses considered in the other standards. It is not the 
amount of digestible parts alone that is essential, but it is the net 
value available for maintenance and production. The Armsby 
standard is based, then, upon the actual work that the feed will 
perform. 

Armsby based his ration on the digestible true protein and 
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therms of net energ\ The digestible true protein differs from the 
digesbble crude prote n in that true protein does not include free 
amino aads and amv_»,:, but as has alread> been noted it is now 
agreed that the digeshble crude protein is a better measure of 
the protein \alue of a feed than is the true protem The net 
energ} is based upon the calorv as the unit, but in order to sun 
plif> the method Armsbj suggested the name “therm,” to appl> 
to 1000 large calories 

A deBmte amount of digestible crude protem and net energj 
IS required for the maintenance of ammals of different sizes, and 
an additional definite amount is required for milk of different 
quantities and quahhes The amount of protem and net eneTg\ 
requued for maintenance is based upon the bodj surface of the 
animal This \%as first used b> Annsb> but is now used m all 
the later standards 

The immense amount of work necessai> to determine the net 
energ> %alue of an> one feed made it impossible to secure data 
on a great man% feeds For this reason the actual net energ> 
values of onl> a fes% ha\e been detennmed Most of them were 
computed from Kelloers data on the starch \alues It has also 
been found that even those that have actuall) been run should 
be considered merelv as averages This is true because different 
samplesof feeds will \ar) considerablv These results also, were 
secured vs ith steers onl) , other classes of h\ estock mav v arj from 
these av erages 

The Armsbv standard has not been extensivelv used in the 
United States parti) because the figures vv ere not too accurate, 
and also because feeders seemed to understand digestible nu 
tnents better than net energ) as applied to feeds 

IIovs ever, for those that wish to use the net energv method the 
latest \fomson Standard includes the requirements for net energ) 
as well as for total digestible nutrients, and net energ) values 
for feeds are given m Table A m the appendix 

LIMITATIONS OF FEEDING STANDARDS 

A standard should be looked upon as a guide and cannot be 
used at all times It must be departed from sometimes to suit 
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the individuality of different animals, and at other times to obtain 
tlie most economical results. 

Many other factors, as brought out in the previous lecture, are 
not taken into account in balancing rations. However, as our 
knowledge of feeds and the way they are used in the body has 
increased, many of the former unt^rtainties have disappeared. 
For example, the concern about incomplete proteins is no longer 
so pressing, because it is known that the bacteria and other organ- 
isms in the rumen build up complete proteins in tlieir bodies and 
supply the cow with the needed amino acids. Also, there is at 
least a guide in the later standards as to the requirements for 
calcium and phosphorus and for carotene. Also, some knowledge 
has been gained regarding the requirements of a few of the other 
minerals and vitamins. These recommended requirements are 
tentative but at least there is some knowledge upon which to 
build. 

Even now, however, many factors other than the nutritive re- 
quirements remain that should be taken into consideration when 
balancing a ration, such as palatabilily, succulence, bulk, and 
physiological effect upon the cow. In other words, a ration may 
meet the requirements of a standard as far as feed nutrients are 
concerned but may be very undesirable from a physiological or 
economical standpoint. 

Another difficulty with feeding standards is that they are too 
difficult for general use. Fanners do not take the time necessary 
to study them sufficiently. However, herdsmen and other per- 
sons interested in dairying should and do become acquainted 
with their use. 

Feeding standards, as a rule, are quite accurate, and can be 
used advantageously in showing the deficiencies of a ration that 
IS being fed. It should be understood, however, that feeding 
standards, as well as the tables of nutrients, are but averages 
and will not apply to all feeds or to all conditions. 
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BALANCED RATIONS 

A balanced rahon is the feed or combination of feeds that will 
supply the daily feed requirements of an animal It is essential 
that the student in dairying and others interested in the feedmg 
of dairy animals understand how rations are balanced The dis 
cussion of tile method of balancing rations shall be limited to the 
Morrison standard, which is quite universally used in this 
country 


Balancing Rations for the Individual Cow 

The dairy cow requires feed for the followmg purposes (1) 
for the maintenance of the body (2) for the production of milk 
(3) for growth when they are immature, (4) for the growth and 
development of the fetus, and (5) for gam in weight when they 
are too thin With the dairy cow, the two mam considerations are 
maintenance and milk production Dunng the last 6 to 12 weeks 
before freshening cows are usually fed extra feed, partly for 
growth if the animal is immature, and partly for growth of the 
fetus, as most of its growth takes place at that tame, but mostly 
for gam m weight since the animal should be in good flesh at 
the start of her lactation The requirements of individual cows 
differ since the nutrients required for maintenance vary with 
the size of the animal and the requirement for milk production 
varies with the amount and nchness of the milk produced 
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Problem 

Calculate a balanced ration for a cow weighing 1000 pounds 
and givang 25 pounds of 4 per cent mill- The followung feeds 
are available 

Roughages Concentrates 

Clover and timothy hay WTieat bran 

Com sflage Com gluten feed 

Cottonseed meal 
Ground com 

B) refemng to Table B in the appendix, it mav be seen that 
the maintenance requirement for a cow weighing 1000 pounds is 
0 65 pound of digestible protein and 7 9 pounds of total digestible 
nutrients It will be seen also that for each pound of 4 per cent 
miU. the cow requ^es 0 049 pound of digestible protein and 0 32 
pound of total digestible nutnenls m addition The total require- 
ments, then, for the particular cow in the problem would be 85 


follows 

Digestible 

ToUl 

Digestible 


Protem, 

Nutrients, 


pounds 

pounds 

■Maintenance of a 1000 pound cove 
For production of So pounds of 

0 05 

7 9 

4 per cent mBk 

1 22 

8 0 

Total dailv requirements 

1 87 

15 9 


The problem now is to apportion the feeds so that the> will 
suppl) these requirements, regard being paid to the character- 
istics of the different feeds It will be necessary, therefore, to 
furnish this cow the feeds that will contain 1S7 pounds of di- 
gestible protem and 159 pounds of total digestible nutrients 
each da> As prev'iouslj noted, a cow will usuallj consume 
about 1 pound of ba) and 3 pounds of com silage for each 100 
pounds of her wei^t- For this cow, then, 10 pounds of clover 
and timothy hay and 30 pounds of silage mav be fed- For 
feeding gram, a practical role is to feed 1 pound of gram for 
each 3^ pounds of average milk that is bemg produced. This 
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should also provide an approximation of how much grain should 
be fed, which, in this example, would be between 7 and 8 pounds. 
The amounts of digestible protein and total digestible nutrients 
in the feeds can be ascertained from Table A in tlie appendix. 

For a trial ration we shall use the feeds in the following pro- 
portions. 


FmsT Trial It \tiox 



Digestible 

Total 

Digestible 


Protein, 

Nutrients, 

Daily Ration 

pounds 

pounds 

Roughage 

30 pounds of corn silage 

0.3G 

5.43 

10 pounds of clover and timothy 

hay 

0.48 

5.12 

Concentrates 

2.5 pounds of ground corn 

O.IG 

2.00 

1 pound of corn-gluten feed 

0.22 

0.70 

1.5 pounds of wheat bran 

0.21 

1.01 

1.5 pounds of cottonseed meal 

0.49 

1.00 

Total in ration 

1.92 

15.38 

Daily requirements 

1.87 

15.90 

Difference 

-bO. 05 

-0.52 


This trial ration contains a slight excess of digestible protein 
but is deficient by 0.52 pound in total digestible nutrients. In 
the second trial, therefore, we shall add 1.2 pounds of ground 
com and take out 0.5 pound of cottonseed meal. 


Second Trial Ration 



Digestible 

Total 

Digestible 


Protein, 

Nutrients, 

Daily Ration 

pounds 

pounds 

First trial ration contains 

1.92 

15.38 

Add 1.2 pounds ground com 

+0.08 

+0.90 

Deduct 0.3 pound cottonseed meal 

-O.IG 

-0.35 

Total in ration 

1.84 

15.99 

Daily requirements 

1.87 

15.90 

Difference 

-0.03 

+0.09 
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This ration is now \er> close to the requirements of the Nfom 
son standard, and is as follows 

Roughage Concentrates 

SO pounds com Silage 3 7 pounds ground com 

10 pounds clo\er & timothy hay 1 pound com gluten feed 
1 5 pounds wheat bran 
1 pound cottonseed meal 

Since 72 pounds of the concentrate mixture were needed to 
meet the requirements the ratio was about 1 pound of concen 
trates to ZYs pounds of milk. 

NET ENERGY METHOD 

Feeds that are high m net energy are also usually high m total 
digestible nutnents For example, com contains approximated 
the same number of pounds of total digestible nutnents as it does 
therms of net energy, but wheat straw, a very low energy feed, 
contains more than 3V1 times as mam pounds of total digeshble 
nutnents as it does therms of net energx 

Momsons feeding standards include the requirements for net 
energN The same problem may be used to illustrate the balanc 
mg of a ration when usmg digestible protein and net energx as 
the basis By this method the requirements would be as follows 


Digestible Net 

rrolejn, Energj , 

pounds Iberms 

Mauitenance of a 1000 pound cow 0 Ca C 3 

For producing 2o pounds of 4 per 

cent mflk 1 22 7 5 

Total dailj requirements 1 87 IS 8 


If the same feeds m the same amounts are used as m the former 
problem the rahon wall supply 056 therm more net energ\ 
than is required, but this is dose enou^ for all practical pur 
poses 
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Digestible 

Net 


Protein, 

Energy, 


pounds 

therms 

SO pounds corn silage 

0.3C 

4.5G 

10 pounds clover and timothy hay 

0.48 

4.10 

3.7 pounds ground corn 

0.24 

2,90 

1 pound corn*gluten feed 

0.22 

0.72 

1.5 pounds wheat bran 

0.21 

1.01 

1 pound cottonseed meal 

0.33 

0.71 

Total in ration 

1.84 

14.00 

Daily requirements 

1.87 

13.8 

Difference 

~0.03 

-f-0.2G 


Checking on Calcium, Phosphorus, and Carotene. When there 
is any doubt as to a lack of calcium, phosphorus, or carotene in 
the ration, it is a good plan to check as illustrated below. In 
Table B in the appendix the requirements are given. Using the 
same problem as before, the cow’s requirements and the amounts 
furnished in the feeds would be as follows. 


Calcium, 

pound 

Maintenance of a 1000-pound cow 0.022 

Phosphorus, 

pound 

0.0220 

Carotene, 

milH. 

grams 

60 

For production of 25 pounds of 4 

per cent milk 0 .055 

0.0425 


Total daily requirements 

0.077 

0.0G45 

60 

The ration would contain: 

SO pounds com silage 

Calcium, 

pound 

0.0300 

Phosphorus, 

pound 

0.0180 

Carotene, 

milli- 

grams 

192 

10 pounds clover and 
timothy bay 

0.0G80 

0.0200 

70 

3.7 pounds ground corn 

0.0007 

0.0100 

8.14 

1 pound corn-gluten feed 

0.0048 

0.0082 

6.10 

1.5 pounds wheat bran 

0.0021 

0.0194 

0,12 

1 pound cottonseed meal 

0.0020 

0.0122 

0.09 

Total in ration 

0.1076 

0.0878 

276,45 

Daily requirements 

0.077 

0.0645 

60.00 

Difference 

+0,0306 

+0.0233 

+216.45 
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Sufficient calcium, phosphorus, and carotene are available, as 
would be expected when com silage and part-legume ha> are m- 
cluded However, the amounts of calcium and phosphorus are 
not much over the requirements as set forth in the standard 
If timothy hay were to be substituted for the clover and timothy 
hay in this ration, there would, of course, be a lack of protein, 
but there vv ould also be a lack of calcium as shown in the follow- 


ing tabulation 


30 pounds corn sdage 
10 iiounds limolhv hay 
S 7 pounds ground com 
1 pound corn gluten feed 
1 5 pounds ^Leal bran 
X pound cottonseed meal 

Total m ration 
Dailv requirements 

Difference 




Carotene, 

Calcium, 

Phosphorus, 

milh 

pound 

pound 

grams 

0 0300 

0 0180 

102 

0 oeso 

0 0200 

^3 

0 0007 

0 0100 

6 14 

0 0048 

0 0082 

C 10 

0 0021 

0 0104 

0 12 

0 0020 

0 0122 

0 DO 

0 0C2C 

0 0878 

330 4a 

0 0770 

0 0C45 

CO 00 

~0 0144 

-1-0 0233 

-1-199 4a 


This illustrates the necessity of being sure that there is a suffi- 
ciency of these elements m the rations that are being fed 


Balancing Rations for the Herd 

The method of balancing rations as already given is adapted 
to individual cows ^^Tlen it comes to feedmg a herd, it is not 
practical to compute a ration for each mdmdual animal, as this 
would requue too much time and effort The method described 
can be used, however, if the average cow in the herd is taken as 
the basis for the calculation Thus, the average weight of the 
cows and their average milk production and butterfat test sene 
as the basis for calculating a ration m the same manner Such a 
ration, when fed according to specific rules based upon the pro 
duction of the animals, should giv e good results Another method 
of calculating a ration for a herd is to balance the protem of the 
gram mixture with the kind of roughage that is to be fed and to 
consider that sufficient total nutnents will be suppbed This 
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method, though not entirely accurate, does have the advantage of 
being easy to figure and should give satisfactory results. 

Balancing Rations According to Average Cow in the Herd 

When balancing rations according to the average cow in the 
herd it is necessary to know approximately the average weight of 
the cows in the herd and their average production and butterfat 
test. All dairymen should make a practice of weighing their 
milk, and from this they can figure their average production. 
When the test of butterfat is not known the following will be an 
aid in making an estimate. 

Per Cent 

Herd of all purebred or higli-grade Jerseys or 


Guernseys 5 , 0 

Mixed herd with some Guernseys and Jerseys 4.5 

Herd of Ayrshires, Brown Swiss, or mixed breeds 4.0 
Herd of all Holsteins 3.5 


If the weights of the cows are not known the following table 
will help make an estimate. 

Pounds 

Herd of Jerseys 800-1000 

Herd of Guernseys, Ayrshires, or mixed breeds 1000-1200 
Herd of Brown Swiss 1200-1400 

Herd of Holsteins 1200-1500 

As an example of this method, assume a herd of mixed breeds 
giving on the average 24 pounds of milk, which is to be fed corn 
silage, mixed clover and timothy hay for roughage, and a mixture 
of ground com, oats, wheat bran, and cottonseed meal for con- 
centrates. 



Digestible 

Total 

Digestible 


Protein, 

Nutrients, 


pounds 

pounds 

^laintenance, 1100 pounds 

0 71 

8. CO 

^lilk, 2t pounds, 4 per cent fat 

1.18 

7. 68 

Total daily requirements 

1.89 

1C. 28 
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According to the standard the average animal m this herd 
should be fed so that she will recede 1 89 pounds of digestible 
protein and 1628 pounds of total digestible nutnents per day 

The next step is to find a ration that supplies the nutrients as 
needed As has alreadj been noted nhen hay and sdage are both 
fed a cow Mill consume appronmatel) 3 pounds of silage and 1 
pound of hay for each 100 pounds of liv e w eight The rule of 
feeding 1 pound of concentrate to each 3% pounds of milh pro- 
duced wll be used in this trial 




Total 


Digestible 

Digestible 


Protein 

?S utnents 


pounds 

pounds 

S3 pounds com sHage 

0 40 

5 97 

11 pounds mixed haj 

0 53 

o 63 

2 pounds ground com 

0 13 

1 60 

2 pounds wheat bran 

0 27 

1 34 

2 pounds ground oats 

0 19 

1 40 

1 pound cottonseed 

0 SS 

71 

Total IQ ration 

1 

IG Go 

Daflf requirements 

1 89 

16 28 


This ration is almost n^t m digestible protein and shghtly high 
m total digestible nutnents but is close enough for practical 
purposes 

The concentrate part of this ration should then be mixed m the 
proportion as gi\en above namely 2 parts ground com 2 parts 
ssheat bran 2 parts ground oats and 1 part of cottonseed meal 
and fed to the different cows in the herd in proportion to the 
amount of milk that the> are giving as shown m Table XIII 
Chapter 11 The conns should be fed all the roughage that they 
wall clean up 

Delcrmming Per Cent of Protein Necessarj m the Concentrate 
Mixture The IoIIonn mg method wall balance the ration for the 
aNcrage conn m the herd and also indicate the per cent of digest 
ible protem that should be in the gram mixture The folloNNing 
calculation is made using the same aierage conv sNeighing 1100 
pounds and producing 24 pounds of 4 per cent milk. 



Balancing Eations by tlie Protein 

Method 

Total 


Digestible 

Digestible 


Protein, 

Nutrients, 


pounds 

pounds 

Total requirements 

1.89 

16.28 

Supplied by hay and silage 

0.D3 

11.60 

To be supplied by grain mixture 

0.96 

4.68 


If it is assumed that the grain mixture contains 70 per cent total 
digestible nutrients, divide 4.68 by 0.70 and it will be found that 
6.7 pounds of a grain mixture are needed. Since 0.96 pound of 
digestible protein is needed to be supplied by the grain mixture, 
divide 0.96 by 6.7 to find the per cent of digestible protein that 
should be in the grain ration, which, in this case, is 14.3 per cent. 

Balancing Rations by the Protein Method 

For general farm use, a simple method of balancing a ration 
for a herd is required, and even the one just described may 
sometimes prove too elaborate to be practical. Since there is 
seldom a deficiency in carbohydrates and fats when the animals 
have all the roughage they can eat, a roughly balanced ration 
may be obtained by balancing the protein of the grain mixture to 
go with the kind of roughage used and by disregarding the car- 
bohydrates and fats. 

The roughages can be divided into three groups as follows. 

1. Low-PnoTEiN Gnoup. Timothy hay, com stover, straw, 
com silage, or any other nonlegume. Percentage of digestible 
protein required in the grain mixture is 16 to 20, or 20 to 24 per 
cent of total protein. 

2. MEDiUM-PnoTEix Group. MLxed hay, legume hay and corn 
silage, or other roughage with at least half of the roughage com- 
posed of legumes. Percentage of digestible protein required in 
the grain mixture is 13 to 16, or 16 to 20 per cent of total 
protein. 

3. Hicii-ProTEiN Group. Clover hay, alfalfa hay, soybean hay, 
bay-crop silage, or any of the legume roughages. Percentage of 
digestible protein required in tlie grain mixture is 10 to 13, or 12 
to 10 per cent of total protein. 
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''Lwng up u Grain for Hcr^ 

this method of mahmg up a ration for a ^ „,„eh lo- 

lowing figures for protein arc obtained 
™ ^„„as o. .oaO cam 

100 pounds of bran conlam of digestible cnifle protein 

ot .hr „,d». coal., a poua.t, o. .hrr.l.hlr rradr pioloa 

02 5 - 400 = 0 15C or 15 C per cent «f digestible eru Ic protein 

By refenmg to the groups of roughages, it 
when the roughage is in ‘‘>="''*7,1’''’'“';’ S'?"'’’ "je cent 
nrotem m the gram mixture should be from 13 to 1 P . ^ 

This ration thL, should fulfill the requirements PJ.de* 
course, that it meets the needs of the animals as to talV. sanety. 
nalatabihty, physiological e0ecl, mineral content, etc 

Now, assume that instead of alfalfa and silage ’ 

timothy hoy and com stover, which arc in the low P'"‘e'" 8 P' 
ore fed and that the same concentrates as before ore 
It would be necessary to add more of the high protein feeds 
follows 

100 pounJ. ot Ih. culure centam CJO poaaJ. oI dignUhla cniJr p 

100 pound, ol oillon.«<d mtal conUia 5! 8 pounds ol 

500 pounds of the new misture contain Oa 3 pounds of digestible cru 1 P 

95 3 — 500 = 0 191, or 19 1 per cent of digestd le crude protein 

By referring to the groups of roughages, it \vi\\ be noted th^ 
when the roughage is in the low protein group the digestible ^ 
tern in the gram mixture should be from 16 to 20 per cent 
ration fulfills these requirements and therefore should be satis 

Now, suppose that the roughage consists of alfalfa hay alone, 
which IS in the high protem roughage group, and that the same 
concentrates are available It would be necessary to add a o%' 



Balancing Rations by the Protein Method 137 

protein concentrate, such as ground corn, to the first ration, as 
follows 


400 pounds ot the mLxture contain 62 3 pounds of digestible crude protein 

200 pounds of ground corn contain 13 2 pounds of digestible crude protein 

600 pounds of the nen murture contain 75 7 pounds of digestible crude protein 

75 7 — 600 = 0 126, or 12 6 per cent of digestible crude protein 

The gram muture to supplement the high-protein roughages 
should be between 10 and 13 per cent, and hence the foregoing 
ration would fulfill the requirements, yet, if desirable for any 
reason, the protein content of the ration could be still lower. 

It is comparatively easy to balance a gram mixture m this way 
for any kind of roughage If the roughage is low grade, use a 
higher protein percentage in the gram mixture, and vice versa 
It IS important, however, to keep m mind the characteristics of the 
feeds when making up the gram ration and to feed the ration 
according to the production of the individual cows m the herd 
When the roughages are low grade it is also necessary to feed 
more of the gram mucture, since the cows will not consume so 
much poor-quality as better-quality roughages 
Calculating a Feed Mixture. The commercial feed mixers at- 
tach a guaranteed analyses of the feed that is to be sold, m terms 
of the minimum percentage of crude protein, nitrogen free ex- 
tract, and crude fat, and the maximum percentage of crude fiber 
The feeds are divided into classes in respect to protein content 
Usually, feeds are manufactured and sold containing 16 per cent, 
20 per cent, 24 per cent, and 32 per cent crude protein Tlie 
amount of digestible protein is approximately 80 per cent of the 
amount of total protein xihen higluquality feeds are used The 
32 per cent mixture is used largely for mixing with homegrown 
feeds The rest of the analysis xarics, but for a good concentrate 
ration the following characteristics are recommended that the 
crude fat be not under 3 per cent, and that the cnide fiber should 
usually not be more than 10 per cent It is also desirable that the 
total digestible nutrients should be close to 70 per cent Besides 
these, all the characteristics of a good gram ration, such .as ha\e 
already been oiitlmccl, should be included Usually, salt and 
mmtrals arc added, as has been recommended 
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The ration is usually figured on a ton basis and the weight of 
the salt and minerals are included. To mix a 16 per cent protein 
ration where com meal, ground oats, wheat bran, and soybean-oil 
meal are available, the following method is followed. 








Total 







Digest- 







ibie 



Crwle 

Dig. 

Crude 

Cruile 

Xotri- 


Name o( 

rrotein. 

Protein, 

Fat. 

Fiber. 

ents, 

pounds 

Ingredient 

pounds 

pounds 

pounds 

pounds 

pounds 

1000 

Com meal 

66.0 

G6.0 

86,0 

40.0 

801.0 

300 

tMieat bran 

50.7 

41.1 

13.8 

28.8 

201.0 

300 

Ground oata 

36,0 

*8.S 

J5.8 

33.0 

210.3 

3S0 

So} bean-oil 

155,0 

130.4 

18.5 

40.0 

474.4 


meal 






30 

Done meal 











«000 

Mixture 

827.7 

465.5 

65.1 

101.8 

1457.S 

100 

Mixture 

tc.ss 

1S.47 

4.45 

5.09 

74.36 


This ration would then be a 16 per cent protein mixture and 
would meet the requirements for all others of the constituents. It 
should make a good ration to feed to dairy cows. It should be 
fed according to the amounts that are given in Table XIII, 
Chapter 11. 

Mixing Homegro\vn Feeds with 32 Per Cent Protein Rations. 
Many dairymen purchase 32 per cent protein rations and mix them 
with their homegrown grains to adjust the protein content to meet 
their roughage. An easy way to find out how much of each in- 
gredient to use is by the use of the Pearson’s Square. To use this 
method, the following rules should be obsen’ed. Make a square 
and (1) place the percentage of protein that is desired in the 
center of this square; (2) place the percentage of protein in the 
protein supplement at the upper left-hand comer of the square; 
(3) place the percentage of protein in the homegrown grain or 
grains in the lower left-hand comer of the square; and (4) take 
the difference bet\veen the figure in the center and each of the 
figures in the left-hand comers and place the results in the di- 
agonal right-hand comers. The figure at the upper right-hand 
comer will be the number of parts of the protein supplement 
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needed, and the figure at the lower right corner will be the 
number of parts of the homegrown grains needed. 

For example, how much homegrown ground com (8.6 per cent 
protein) must be mixed with a 32 per cent concentrate mix to 
make a ton of a 16 per cent protein mixture? 

To use the Pearson s square method, construct a square and 
put in tlie center the per cent of protein desired, which here is 16. 
On the upper left-hand corner place the percentage of protein in 
the protein supplement, which here is 82; and on the lower left- 
hand corner tlie percentage of protein in the grain to be used, 
which here is 8.6. Then subtract along the diagonal lines as 
illustrated. 

*7.4 parts of protein supplement 


16 parts of home*gTown grain 
234 total parts in ration 

In order to calculate the number of pounds of each ingredient 
needed to make a ton of feed containing 16 per cent protein, 
divide 2000 by 23.4, which gives the number of pounds in each 
part. Then, multiply the number of pounds by 7.4 and 16 to 
find the number of pounds of each of the two ingredients as 
follows : 

2000 , . 

= 85.47 pounds m one part 

23.4 

then, 

7.4 parts X 85.47 = 632.5 pounds of 32 per cent supplement 
1C parts X 85.47 = 1367.5 pounds of ground corn 

Here, 632.5 pounds of the 32 per cent protein supplement will be 
required to mix with 1367.5 pounds of ground com to make a 
ton of a 16 per cent protein mixture. 

If it is borne in mind that after subtracting diagonally the parts 
that are to be used are obtained, this system will lend itself to 
many different types of problems. 
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For example, ra tl.e .llustralion g^n abor c, » ‘''"J™''" 

r ’’o/rurTXe :UcV4 Id™ oal . be 

or 21616 pounds of com wliicli, when , , 

pounds ot 32 per cent mutuie, wouU maVc 31G1 C poll 

'^^i" per"cf (-d desired can be edcida.cd b> siibs.^. 

,ng the desired percentage (or the 16 per cent in these 

Purthermore, i( di(Iercnt grains are used cilbcr in cc,ual par 

,n different proportions, these can be aseraged 

Mith the square method For example, if one 

crpuil parts of com and oats, the average of the protein conten 

of these could be used 

/ 80 +H 0 _,„A 


If protein supplements other than the 32 per cent ptolein mivli 
are used, the some method of calculation is made, or rf two 
ferent protein supplements are to be used, thc> could be averag 
in the same way as the oats and com 


SELECTING FEEDS FOR A DAIRY RATION 

In selecting a combination of feeds to maVe a ration for a dair> 
herd, the requirements of a ph>sically satisfactory ration mus 
always be maintained Pnees of purchased feeds must also e 
considered and the selections made on the basis of relative cos 

and quality - . 

When silage is fed, the problem of getting a palatable and lax 
tive ration is greatly simplified With silage, it is possib e, 
prices make it desirable, to feed some unpalatable and constipa 
ing concentrates The concentrates and the roughages 
supplement each other, so that the whole ration fulfills al ® 
requirements of a good ration 
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Adding Minerals to the Ration 

Dairy cows must have salt regularly. It is usually advisable 
to allow cows free access to it at all times. A popular practice, 
even though cows have free access to it, is to add 1 pound of salt 
to each 100 pounds of concentrates, or 20 pounds to eacli ton. 

Legume hay is a good source of calcium, and wheat bran, cot- 
tonseed meal, and linseed-oil meal are good sources of phos- 
phorus. If legume hay and one of these concentrates are fed 
along with other feeds in a balanced ration, tlie cows require- 
ments for these minerals are usually met. 

If rations known to be low in these elements are fed, or if cows 
show abnormal appetites for bones, wood, or soil, the ration may 
be lacking in one or both of these elements. Nonlegume rough- 
ages that are grown on soils that have received no lime or ferti- 
lizer are usually low in calcium. If calcium is deficient, 20 pounds 
of finely ground limestone may be added to each ton of grain, 
or the herd may be allowed access to a mixture of 2 parts of 
ground limestone to 1 part of salt. The limestone should be 
ground to such a degree of fineness that 100 per cent of it will 
pass through a 40-mesh scieen. If both phosphoius and calcium 
are deficient, 20 to 30 pounds of steamed bone meal should be 
added to each ton of the grain mixture, oi the herd may be 
given access to a mixture of 2 parts of bone meal and 1 part of 
salt. Dicalcium phosphate or specially prepared rock phosphate 
that contains less than 0.3 per cent fluorine may be used in place 
of the bone meal. 


Mixing tlie Kation 

When the concentrate ration for the herd has been calculated, 
the next step is to mix the ingredients together to a uniform mix- 
ture. It is necessary that the mixing be done thoroughly; other- 
wise, different parts of the mixture will differ in composition. 

In hand mixing,~the different concentrates should be spread 
out in thin layers on a clean, smooth floor, one on top of another. 
The salt and mineral should also be added at this time. It is 
best to put the lightweight ingredients on the floor first, with the 
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heavier ones on top Tlie entire mixture should then be sho\ eled 
over at least 3 times, to insure complete mixing, before it is 
finall> sho\elcd into the bin or sacks for storage Tlic amount 
that should be mixed at one lime depends upon the size of the 
herd and upon the storage space \\'lionc>cr possible, it is well 
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to have each ingredient m the ration m terms of 100 pounds, for 
m this way the use of a scale is not necessary if the feeds are in 
100-pound sacks Of course, this is not possible for the min 
erals, and sometimes not for other ingredients 

For large operations, a half ton or larger mechanical mixer will 
save much labor This is discussed m Chapter 35 The mechani 
cal mixer will do a more thorough mumg job than is usually done 
by hand However, hand mixing can be thorough if done 
properly 
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DETERMINING THE COST OF THE RATION 

The cost of the ration should be figured on every farm. This is 
especially true of the grain ration, a large proportion of which 
is often purchased. The following table will show tlie cost, at 
given prices, of 100 pounds of digestible protein and 100 pounds 
of total digestible nutrients of certain feeds. 
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^Vheal bran 

13.7 

C7.2 

$50.00 

$2.80 

$20.44 

$4.17 

Ground oats' 

9.4 

70.1 

00.00 

3.00 

31.01 

4.27 

Corn meal (No. 2) 
Cottonseed meal 

C.G 

80.1 

00.00 

3.00 

45.45 

3.74 

(41%) 

32.8 

70 0 

80.00 

4.00 

12.10 

5.07 


The above illustrates how the unit cost of digestible crude pro- 
tein and total digestible nutrients is determined: by dividing the 
cost of 100 pounds of wheat bran ($2 80) by the number of 
pounds of digestible crude protein in 100 pounds of wheat bran 
(13.7), the cost of 1 pound of digestible crude protein is found 
to be 20.44 cents; and by multiplying this result by 100 gives 
$20.44, the cost of 100 pounds of digestible crude protein. In like 
manner, dividing the cost of 100 pounds of wheat bran ($2 80^ 
by the pounds of total digestible nutrients in 100 pounds of wheat 
bran (67.2) gives 417 cents, the cost of 1 pound of total di- 
gestible nutrients, multiplying this result by 100 gives $4.17, the 
cost of 100 pounds of total digestible nutrients. By this method 
the cost of the digestible crude protein and the total digestible 
nutrients in each feed can be determined. 

It can be seen by the above illustration that, at the prices 
assumed, the relative cost of total digestible nutrients does not 
vary so much as that of the digestible crude protein. In the pur- 
chase of feeds the cost of these items should be considered rather 
than the cost of 100 pounds of feed. The most economical ration 
will usually contain the concentrates that furnish the digestible 
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cnide protein at the cheapest rate as well as that winch fnmishcs 
the total digestible nutrients relatncly chcapl>- 
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Heavy milk production is a severe dram upon a dairy cow, and 
for this reason it is important that Uie cow be given a rest of 
8 weeks between lactation periods The length of lim 
essary will depend upon the condition of the cow and 
amount of milk which she is pralueing For a heavy producer 
or for a cow in poor flesh 2 moiitlis should be allowed, so that she 
will have ample time to rest and store any materials such as cal- 
cium and phosphorus which she may need in greater quantitie 
than she can consume during the stress of heavy production ana 
to give time to restore the udder to a normal condition Few cows 
need less than 6 weeVs’ dry penod 

The importance of getting a cow m proper condition when s le 
IS dry cannot be overemphasized The condition tliat she is in a 
the time of freshening will determine in a large measure the ex- 
tent of her production She should be m an excellent state ot 
health and carry a surplus of fat when she freshens This fat is 
available for immediate use to the cow after she freshens, and 
makes possible a normal increase m production before it is 
able to feed her heavily on a gram ration It has been found tha 
a cow that has been given a good rest and is m good condition at 
time of freshening will usually produce more heavily than one 
that has been given little or no rest She will reach a higher 
daily production early in her lactation period and will continue 
higher milk production throughout the entire lactation period 
One of the reasons that cows seem to have alternate off years 
IS that the feeder fails to give them ample time and opportunity 
to freshen m good condition 

Cows that are due to freshen should be turned out daily in fine 
weather and should be provided with a clean, well bedded box 
stall 


FEEDING THE DRY COW BEFORE PARTURITION 
If the cow IS dry during the summer or early fall and is on good 
pasture she will need little extra feed or care before parturition 
A pasture separate from the general herd is desirable because 
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Feeding the Dry Cow Before Parturition 

there is tlien less danger of injury Under these conditions the 
cow will usually need little grain If she is in poor condition, 
however, she should be fed a ration containing such feeds as 
ground oats, wheat bran, corn meal, or ground barley The cow 
should be in good condition at the time of freshening, because 
her level of production depends on a good start 
At the Cornell Station,” a group of cows were fed heavily 
during one dry period and at a much lower level during another 
When they were fed heavily they gained on the average 112 
pounds more in weight, and in tlie following lactation produced 
705 pounds more milk and 23 pounds more butterfat tlian they 
did when tliey were fed less This increase in weight and pro- 
duction required 440 pounds of concentrates, when the cows were 
fed in this way, only 62 extra pounds of concentrates were le- 
quured to produce an additional 100 pounds of milk 
If the dry period occurs m the winter the ration should consist 
of 20 to 30 pounds of corn silage with a liberal amount of legume 
hay and a gram mixture containmg such feeds as linseed meal, 
wheat bran, ground oats, and, if the cow is in poor condition, 
coin meal The regular herd ration is often fed with good results, 
but a ration a little lower m protein is recommended 
The following rations have been fed successfully during the 
fitting period 


Ration 1 

2o0 pounds ground oats 
200 pounds wheat bran 
loO pounds com meal or hominy 
6 pounds salt 

0 pounds steamed bone meal 


Ration 2 

100 pounds corn meal or barley 
200 pounds wheat bran 
200 pounds ground oats 
100 pounds linseed meal 
0 pounds salt 


About a week before the cow is due to freshen, the gram mix 
tare should be changed to a light ration that will keep the 
bowels in a laxative condition A mixture of equal parts of wheat 
bran and ground oats is often fed at tins time with good results 
A drastic reduction m total feed intake is not desirable at this 
time and immediately after calving, since it may cause ketosis 
(acetonemia) Two or 3 pounds of blackstrap molasses may be 
fed daily for a week or more before calving This helps to keep 

* Feeds and Feeding, 21st edition p 719 



touble°s arfri brgc measure due to the rare 
fs hairdled during the few eveeU pres reus to parturition 


feeding a cow just after parturition 

Tire gram raUon for the 6rst feev days after parturition drordd 
he lighfin eharaeter and should be fed in small amount A bran 
mash made by moistening the bran evth warm 
gram which should be fed at Erst It has a cooling 
cow and n slightly laicalne She can also be given 
hay and a limited amount of com sdage If 

her water may he warmed sliglitly A mature ^ ^ 

Imseed meal can be used to replace the bran mash after the Ers 

day 

GETTING THE COW ON FULL FEED 


After the Erst 3 or 4 days if the cow is in good condition, she 
can gradually be given the tegular herd ration )U5t as fast as h 
physical condition will permit If the udder is 
amount of gram must be kept down until the congeshon disa^ 
pears Great care should always be exercised in increasmg 
cows ration to full feed Often with heavy producing cows 
full feed will not be reached for a month or even longer at 
partuntion The heavy milking cows usually lose wei^t ciur 
ing the first month as they are drawing on their reserve for m 

production ^v, or 

Under ordinary conditions one can begin on the lourtn 
fifth day after freshening to feed 4 or 5 pounds of the regu ar 
gram ration and this can be mcreased at the rate of 1 po^n 
every 2 or 3 days until the cow reaches her maximum production 
It IS often hard to judge when the maximum has been reache 
The cow should be given enou^ feed to supply the amoun 
needed in the milk and to keep her from dropping off m 
weight If she is giving 30 pounds of milk per day and is 
ing 9 pounds of gram and if it is not sure that she has reac e 
her maximum production die feed should be increased slow y 
to possibly 12 pounds and the effect upon the cow watched care 
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Feeding the Milking Herd 

fully. If she responds with more milk, then a further increase 
should be attempted If, however, she does not give any increase 
in milk production within 2 or 3 days, the amount of gram 
should be gradually dimmished until she is receiving just the 
amount to which she will respond 

FEEDING THE MILKING HERD 

In feeding the milking herd for production, it is well to keep 
m mind the requirements for a good dairy ration, which have 
been brought out m a previous chapter A cow should receive 
an abundance of feed, contaming plenty of nutfients m the cor- 
rect proportions and made up of feeding stuffs tliat are palatable 
and economical The otlier requirements of a good ration should 
also be given consideration 

Weight a Good Index. The condition of the cow is a good 
index as to whether she is being properly fed A cow usually 
loses weight during the first 4 to 6 weeks of her lactation, the 
amount lost depending upon her condition at the time of freshen- 
ing and her abihty as a producer For the next 5 to 6 months 
the weight of the cow should remain fanly constant, the exact 
length of time depending upon the time of her next calving 

From 2 to 4 months before parturition the cow usually in 
creases in weight, partly on account of the growth of the fetus, 
but more largely on account of the storage of body fat which 
may later be used for milk production The cow should be so 
fed that she will not lose weight during tlie greater pait of her 
lactation period 

Feedmg Cows as Individuals. The dairy cow should be fed 
as an individual Each cow has her peculiar likes and dislikes, and 
these must be catered to if tlie best lesults are to be obtained It 
IS never advisable to feed all cows m the herd the same amount, 
as each has different requirements Some are larger than others, 
some give more milk than others, and some give milk of higher 
quality than others All these factors should be taken into con 
sideration Heifers during their first and second lactation pe- 
riods should be fed a little more liberally than mature cows, 
because they are still growing Cows that possess a highly 
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the cow m u laxative from'^poTt partunent 

touble°s are Ta “rge measure due to the care with which a cow 
IS handled during the lew weeU previous to parturition 

feeding a cow just iVFTCB PARTURITION 
The gram ration for the first few days after parturition should 
be ihMu character and should be fed in small amount A b an 
mash made by moistening the bran with warm 
gram which should be led at first It has a cooling ™ 

MW and IS slightly laxatise She can also be given some 

hay and a limited amount of com silage H 

he^ water may be warmed slighdy A muture of oat . ton 

Imseed meal can be used to replace the bran mash after the 

day 

GETTING THE COW ON FULL FEED 
After the first 3 or 4 days, if the cow is m good conition, she 
can gradually bo given the tegular herd ration |ust as fas ^ h 
physTeal condition will permit If the udder is 
amount of gram must be kept down until the congestion disap 
peats Great care should always be exercised in increasing 
cow’s ration to fuU feed Often, with heavy producing co'vs, 
full feed will not be reached for a month or even longer a 
parturition The heavy milhing cows usually lose weight dur- 
ing the first month, as they are drawing on their reserve for m 

production or 

Under ordinary conditions one can begin on the tounn 
fifth day after freshening to feed 4 or 5 pounds of the reg ar 
gram ration, and this can be increased at the rate of 1 pou^ 
every 2 or 3 days until the cow reaches her maximum produedon 
It IS often hard to judge when the maximum has been reac e 
The cow should be given enough feed to supply the amoun 
needed m the milk and to keep her from dropping off m 
wei^t. If she is giving 30 pounds of milk per day and is 
ing 9 pounds of grain, and if it is not sure that she has reac e 
her maximum production, the feed should be mcreased slow y 
to possibly 12 pounds and the effect upon the cow watched cate 
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Feeding tlie Milking Herd 

fully If she responds with more milk, then a further increase 
should be attempted If, however, she does not give any increase 
in milk production witliin 2 or 3 days, the amount of gram 
should be gradually diminished until she is receiving just the 
amount to which she will respond. 

FEEDING THE MILKING HERD 

In feeding the milking herd for production, it is well to keep 
in mind the requirements for a good dairy ration, which have 
been brought out m a previous chapter A cow should receive 
an abundance of feed, containing plenty of nutfients in tlie cor- 
rect proportions and made up of feeding stuffs that are palatable 
and economical The other requirements of a good ration should 
also be given consideration 

Weight a Good Index. The condition of the cow is a good 
index as to whether she is being properly fed A cow usually 
loses weight during the first 4 to 6 weeks of her lactation, the 
amount lost depending upon her condition at the time of freshen 
ing and her ability as a producer For the next 5 to 6 months 
the weight of the cow should remain fairly constant, the exact 
length of time depending upon the time of her next calving 
From 2 to 4 months before parturition tlie cow usually in- 
creases m weight, partly on account of the growth of the fetus, 
but more largely on account of the storage of body fat which 
may later be used for milk production The cow should be so 
fed that she will not lose weight during the greater pait of her 
lactation period 

Feedmg Cows as Individuals. The dairy cow should be fed 
as an individual Each cow has her peculiar likes and dislikes, and 
these must be catered to if the best results are to be obtamed It 
IS never advisable to feed all cows in the herd the same amount, 
as each has different requirements Some are larger than others, 
some give more milk than others, and some give milk of higher 
quality than others All these factors should be taken mto con- 
sideration Heifers dunng their first and second lactation pe 
nods should be fed a little more hberally than mature cows, 
because they are stall growmg Cows that possess a highly 
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nenous temperament are often fed a ration with a wider nutn- 
bve ratio than those that tend to take on fat 
Avoid Overfeedmg, Although liberal feedmg is advisable, 
overfeedmg must be guarded against If a cow is bemg fed 
more than she requires for milk that she is produemg, she is 
probably storing up fat which, although not entirely wasted, is 
not giving any immediate return. It would be much better if 
the cow were fed just as much as she requires for the milk she is 
produemg. thmg ov er that amoimt is largely w astecL Some- 
times, overfeeding results m the cow’s going off feed. If this 
happens, the gram ration should be immediately cut down, and 
the cow should be fed only hght, lamtive feeds for a few dajs. 
After this she may be slowly put back on her full ration. 

The Amount of Nutrients Required for the Growth of the 
Fetus. It has alwajs been known that, with the onset of preg' 
nancy, the dairy cow must provide the nutrients not only for 
the production of milk but also for the buildmg up and mam- 
tammg of the developmg fetus Eckles * foimd from ejcperi' 
mental results that the amount of nutnents necessary to de 
velop the bovine fetus is so small that it cannot be measured 
by ordinary means of expenmeniation. He anal>- 2 ed four Jerse> 
calves at birth and found that they contained an average of 73 09 
per cent of water The amniotic fluid weighed about 30 pounds, 
95 per cent of which was water The placenta weighed 18 
pounds, approximately S5 per cent of which was water A 
Jersey cow, on this basis, produces a total of only 15 to 20 
pounds, and the Holstein 20 to 25 pounds of dry matter m the 
fetus and accompanying fluid and membrane Eckles found 
that; on a dry matter basis, a Jersey calf at birth is equivalent 
to 110 to 170 pounds of Jersey milk, and that the Holstem calf is 
equivalent to 200 to 275 pounds of Holstein milk. Other m- 
vesbgators have found that the carrying of the calf was a sbght 
but significant dram upon the mother’s milk production 
experimental work points to the fact that the amount of feed 
required to grow the fetus is not such that it must be seriously 
considered durmg the feeding period. More than 75 per cent of 
• Mo Agr Exp Sta Res BuL 26 
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the fetal growth takes place aftei tlie seventli month of preg- 
nancy ® 

Order of Feeding. The cow is a creature of habit and expects 
her feed at regular intervals Regularity is much more important 
than any order of feeding, although to give the feed regularly 
some system of feeding must be followed There is, perhaps, 
no best order of feeding, but certain factors should be consid- 
ered Hay, which is likely to cause dust in tlie barn, and feeds 
such as silage and roots which tend to impart taints to the milk, 
should be fed after the milking rather tlian before The grain 
IS often fed before the milking or at the tmie of milkmg Fre- 
quently, it IS desirable to feed the gram on the sdage If tins is 
done it does not seem necessary to have so much bulk in the 
grain mixture 

A good system would be to feed tlie gram before milkmg and 
the silage just as soon as tlie milking was done The hay could 
then be fed just as soon as the cows had finished their silage 
This would give time to turn the cows out, in fine weather If 
corn stover were to be fed it could be fed out in the lot at this 
tune The same order could be followed in the evening This 
would leave the mangers filled with hay the last thing at night 
so that the cows would have as much time as necessary to clean 
it up When cows are milked oftener tlian twice a day the num- 
ber of feedings is usually increased 
Feeding Equipment The farm should be so arranged and the 
equipment should be such that the feeding can be done with a 
nunimum amount of labor The gram should be kept, if pos 
sihle, in bms on the second floor, from which it can be run 
directly mto a feeding truck If this is not possible it can be 
^ept in sacks or in bins m a room on the first floor, where it can 
he poured or shoveled into the feeding truck The truck may be 
[un on a track m front of the cows, or it may be on wheels and 
be pushed m front of them Often, m the smaller dames, tlie 
grain is kept m a large feedbox in the barn and the feeder 
simply feeds out of this box Whatever the system, it is very 
J'ecessary that the feed be kept well covered or out of reach of 
*be cows, as they are very likely to be foundered if they do get 
* t; S D A Tech Bui 964 
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to It The choice of a system should depend upon the size of 
the herd It is usually advisable to weigh the feed to each cow 
Some dairymen, however, prefer to measure it This can DC 
done if the feeder is careful to wcigli a me isurc or two anU so 
become accustomed to the amount which the measure will lioiu 



Fig 17 A feed cart, a scoop and a feed cl«ait make accurate feeding easier 
(W Va Unlv ) 

It should always be borne in mind when feeding by measure, 
that feeds vary considerably m weight In any method there 
should be a simple feed sheet to show the amount that each cow 
is to be fed 

For convenience in the feedmg of silage, the silo should be 
reasonably near the cow bam The silage m the smaller dames is 
often pitched out of the silo upon the bam floor, whence it is 
carried in baskets to the cows In larger dairies it is usually 
thrown into a silage tmek which runs either on wheels or on a 
track and which may be pushed around in front of the cows as 
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in feeding the grain. Beets can. be fed in tlie same way. They 
are usually stored in a root cellar, which should be easily 
accessible. 

The hay chute from the mow should be located in a con- 
venient place where the hay can be thrown down into the barn 
and from there fed to the cows in tlie quantities desired. The 
hay may be loaded into a small hayrack, the weight of which is 
known, and pulled on to scales. In this way the actual weight 
of the hay for the entire herd may be determined. It can then 
be distributed according to the feeder’s judgment. When baled 
hay is fed it is much, easier to handle, but unless care is taken 
there is a tendency to feed more than when the hay is fed loose. 

PREPARATION OF FEEDS 

Grinding, The grinding of grains increases their digestibil- 
ity only if they are hard seeds which otlierwise might pass 
tlirough the digestive tract unbroken. Experiments * have 
shown that when dairy cows were fed whole grains, such as 
corn and oats, 30 to 35 per cent of the corn and 20 to 25 per 
cent of the oats passed through tlie animal in the feces undi- 
gested. Not only is there a considerable loss in the utilization of 
the feed, but cows cannot be maintained at a high level of pro- 
duction on unground grains, even though a large quantity of it is 
fed. Grains should be ground to a medium degree of fineness 
rather than Snely ground. Calves, until they are 6 to 3 months 
of age, masticate whole grains very thoroughly. It is always 
advisable to grind the grain for all dairy cattle except calves. 

As a rule it is not profitable, nor does it increase digestibility, 
to chop roughages. When cut, however, they are easier to feed 
and the cows will usually eat more of the coarser parts. This 
is especially true of lower-grade hays and stover. When liigh- 
producing cows consume the coarser parts in this way, they are 
not able to consume as much total nutrients as if they ate only 
the finer part of the hay and were fed more liberally. 

Chopped roughages do have the advantage that less space 
for storage is required, and under some conditions they may 

“ Ind. Exp. Sta. Ihd. 372 . 
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be stored more easily than Jong hay Uneaten portions of 
chopped roughages are convenient to use for bedding 
When roughages are scarce and IngJi m pnee and wJien they 
are so coarse that the cattle refuse a considerable portion of 
them chopping may be economical There is no advantage in 
chopping good roughage, it docs not increase its feeding value 
The feedmg of limited rougliage in a finely ground state 
along with a liberal amount of grain wdj reduce the fat test of 
the milk “ 

Soakmg As a general rule, the soaking of gram is not neces 
sary as it does not improve its digestibility or palatability How 
ever, wheat bran is often mixed with warm water m which 
condition it is known as bran mash It is a good conditioner for 
cows just before and after freshenmg or at other times when they 
are out of condition It has been shown t tliat when cows are 
given free access to water there is no advantage m soaking beet 
pulp or other feeds 

Frcdigestmg Fredigestmg roughages by means of converters, 
m which the roughage is cut mixed with a starter or converter, 
packed into drums or wooden tanks, then steamed or soaked with 
warm water and allowed to stand for a sufficient length of time 
for fermentation to take place, lias not proved economical J 
The dairy cow seems to be able to convert her own roughages 
more economically than can be done by the feeder The cows 
rumen is often referred to as a fermentation vat 
Effect of Feeding on the Fat Percentage It is a general be 
hef among feeders that the ration infiuences the fat percentage 
Experimental data have not shown this to be true, although 
some feeds may have a stimulatmg effect for a short time The 
effect of feeds high in fat is only temporary Ground flaxseed 
and soybeans perhaps have as great an influence as any of the 
feeds and even their effect is not pronounced and some cows 
may not respond to them § 

Influence of Stage of Lactation on Milk Yield The effect of 
stage of lactation upon milk production is quite well known 

" Proc Am Soc Animal Production 1938 p 40 7 Dairif Sci 28 147 
} J Dairy Sd 16 363 
t Ohio Exp Sfa Bl Monthly Bui loO 
§ J Dairy Sci 10 "'0 
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Data taken from 428 lactation periods at the Iowa Experiment 
Station ® show that, in Jerseys and Guernseys, the Inghest milk 
yield IS obtained during the first month of lactation and from 
that time on tliere is a very gradual decline until the eightli or 
nmth montli, after which there is a very rapid decline until the 
end In Holstems and Ayrshires tlie second montli is the high- 
est in milk production, and from then on tlie dechne is very 
similar to that of other breeds 

Influence of Stage of Lactation on tlie Percentage of Butter- 
fat. The most extensive study that has been reported concern- 
ing the effect of stage of lactahon upon the percentage of fat is 
that of Ragsdale and Turner f They used a total of 4045 cows, 
consisting of 3763 advanced-registry cows of the Guernsey breed, 
299 register-of-merit cows of tlie Jersey breed, and 95 Holstems 
from the University of Missouri herd Their results show that 
witli the Jersey and Guernsey breeds the percentage of fat 
dropped off from the first month to the second and there was 
then a very gradual increase from month to month until about 
the ninth or tenth month, after which there was a somewhat 
greater increase The Holstem breed followed the same gen- 
eral cur\e, with the exception that they did not reach the low 
point until tlie thud month Table XI gives the results 

FEEDING DAIRY COWS 

Feeding Cows in Summer. Fresh, lush pasture is the best 
feed for dair>' cows, it is nutritious, abundant, and cheap, and 
more palatable than any other feed No feed is more nutri- 
tious, as it contains evcryllnng including minerals and vitamiiif 
necessary for heavy milk production In the heavy growing sea 
son it IS abundant, and milk can be produced cheaper with pas 
ture than with any other feed The cows harvest it themselves 

Pastures, lion ever, are not always good Few native jnstures 
funush an adequate amount of feed m its best fonn throughout 
the entire summer They vary m types of plants, stage of ma- 
turity, composition, succulcncc, and palatability during the sea- 

• / Dairy Sci , 7 235 

I J Dairy Sci , S 22 
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TVBLE M 

Influence of SriCE of Lactation upon the Pehcentage of 
Botterpat 


Month of 

Gucmse>s 

(37G3), 

Jerseys (299), 

Iloklcins 

(05), 

Lactation 

per cent 

per cent 

” per cent 

1 

4 C8 

4 69 

3 24 

2 

4 o9 

4 82 

3 01 

S 

4 71 

4 88 

2 99 

4 

4 8o 

3 10 

3 02 

5 

4 97 

5 13 

3 01 

6 

3 OS 

3 20 

3 08 

7 

5 10 

o 40 

3 11 

8 

5 22 

5 43 

S 10 

9 

5 29 

5 oO 

3 19 

10 

5 39 

5 58 

3 27 

11 

3 49 

5 CO 

3 32 

12 

3 GO 

5 73 

3 49 


son It IS therefore impossible to make any general recommen- 
dations for supplementary feeding of dairy cows while on 
pasture 

^Vhen on lush, tender grass that is abundant, a cow may graze 
as much as 150 pounds of grass per day ® When the grass has 
partially matured and is not so plentiful, and when heat and 
flies bother the cows, they may graze less than 50 pounds of 
grass per day 

Early grass, moreover, is high in moisture, averaging 75 to So 
per cent, whereas more mature pasture may contain only 60 to 70 
per cent moisture The nutrients do not vary in direct propor- 
tion to the dry matter Young grass is more highly digestible 
than older grasses Young grass ako is high m protein, which 
decieases as the grass matures and npens 

Under conditions found in most of the United States, the 
a\erage dairy cow will produce heavily m the early part of the 
summer on grass alone but rapidly drops off dunng the latter 
part of the summer Such cows will not usually come back in 
milk flow and will produce but little milk dunng the winter 
• J Dairy Sci . 19 347, 1936 
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How to Maintain Summer Milk Production 

Cause of the Decrease in Late Summer. The cause of this 
dechne in milk production m late summer has been attnbuted 
to several different causes One of these is the annoyance of 
flies, but the effect of flies is shght and in these days when fly- 
sprays have been developed that keep most of the flies off the 
cows, it can be almost entirely eliminated The second cause 
is tlie effect of heat on the cows It is true that heat does have 
some effect on milk production Cows cannot withstand long, 
continuous temperatures much above 80°F witliout gomg off 
m milk production However, in very few sections of the country 
does the temperature remain above 80°F for long periods of 
time When it does, milk production will be lowered There 
are some breed differences, since certam breeds can stand more 
heat than others, but as a whole the differences are small 
The chief reason for the fallmg off of the milk production 
seems to be a question of feed As the pasture matures, it be- 
comes less palatable, less digestible, less nutritious, and often 
m areas where the rainfall is short, an actual shortage of grass 
may occur That the chief reason for the drop m milk produc- 
tion IS one of feed supply is proved by the fact that when cows 
are given an abundance of feed, they will keep up m their milk 
production all through the summer months Only too often tlie 
kind of pasture available m tlie summer offers sufficient reasons 
for the decrease in production The cows are not able to con- 
sume a sufficient supply of nutrients to maintain their produc- 
tion and will gradually go down m milk 


How to Mamtain Summer Milk Production 

1 Impro\'e Pasture Species Many of the native grasses 
ripen and make but small growth during the hot weatlier, espe- 
cially when the weather is dry Several varieties of legumes and 
grasses have been developed tliat will witlistand the heat and 
dr>' weather and make good growth throughout the summer 
Many fanners are seeding such pastures and are getting good 
pasture throughout the entire season 

2 Supplemental Pastures Some dairymen are growing a 
temporary pasture, such is Sudan grass, winch grows well m the 
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hot, dry months of summer and furnishes the extra feed needed 
during this period 

3 Soiling Crops A few dairymen grow a green crop and 
har\est and feed it to the cows when it is green These are 
called soiling crops They are good feeds but usually require 
too much labor for harvesting and seeding to be practiced 

4 Summer Silage One of the best methods of providmg 
extra feed to the cows dunng this period is to feed some silage 
This silage may be either a hay crop silage or com silage Many 
dairymen are puttmg that part of the pasture which cannot be 
used in early summer into a silo and feeding it out later in the 
summer when extra feed is needed, thus majong double use of 
the silo 

5 Hay Most dairymen have dilBculty in having sufficient 
hay for the winter feeding period and hesitate to feed it dunng 
the summer Cows can be kept m milk flow dunng the summer 
by the use of good hay but the cost of harvestmg, storing, and 
feeding it is considerable 

Gram Fcedmg on Pasture. Even good pasture or pasture 
supplements will not usually supply a cow with sufficient nutn- 
ents to produce more than SO to 40 pounds of milk per day un- 
less she IS fed grain m addition Some exceptionally good pas- 
tures may exceed this, but most pastures will not maintain even 
this level of production It is necessary, therefore, if produc 
tion is to be mamtained, that gram be fed Most dairymen who 
are produemg milk for the fluid milk market feed grain dunng 
the pasture season, but many of those producing milk for manu- 
factured products, sour cream and the like, depend entirely 
upon the pasture for feed for thsur herds In this case the cows 
decrease m production to a low level m the later part of the 
summer and contmue at a low level dunng the winter months 
The amount of gram to feed a cow on pasture should be based 
on the amount and quabty of pasture available and on the rela 
tive cost of feed as compared to the selling pnee of the millc. 
Table XII gives the recommended amounts of gram to feed 
under different conditions of pastures, size of cows, and their 
butterfat test 
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TABLE xn 

Grain Feeding Goidb for Cows on Pasture * 
Pounds oi Grain Required Daily 


Pounds of 
Milk Produced 
Daily 

By a 1200-Pound Cow 
Testing 3.5% When 
Pasture Is 

By a 1000-Pound Cow ' 
Testing 5% When ^ | 

Pasture Is 

Good 

1 Fair 

Good j 

Fair 

10 




1.0 

Id 


1.5 


3.5 

20 


3.5 

1.5 

6.0 

23 

2 

5.5 

4.0 

8.3 

30 

4 

7.5 

6.5 

11.0 t 

S3 

0 

9.5 

9.0 

13.5 

40 

8 

11.5 t 

11.5 t 

16.0 

43 

10 

13 5 

14.0 

18 3 

30 

12 t 

15.5 

16.5 


33 

14 

17.5 

19.0 

1 

00 

10 




63 

18 





* W. Va. Exp. Sta. Circ. 74. 

t Never feed a cow more grain than she can safely handle. Cows in 
heavy production may “go off feed” when fed the amounts of concentrates 
required to maintain both a high level of production and body weight. 


Feeding Cows in Winter 

The best and most economical basis of winter feeding of 
dairy cows should be high-quality legume hay and good silage, 
which are fed to replace pasture. Grain should be fed only in 
sufficient amounts to supply the nutrient needs of the cow 
above what she is able to secure from roughage. Cows on good 
roughage alone can be expected to produce approximately 70 
per cent as much millc as when they are fed a normal amount 
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of gram If they receive one half die normal gram allowance 
they can be expected to produce about 90 per cent as much 
milk as they would if fed gram m normal amount These figures 
refer to conditions when the rou^ages are of high quality and 
fed m liberal amounts Unfortunately, most of the roughage 
now being produced will not give such results 

Woodward * found that good cows fed only good alfalfa hay 
with a phosphorus supplement would produce about 250 pounds 
of butterfat m a year When good com silage lo addition to the 
alfalfa hay was fed, these cows produced 275 pounds of butter 
fat per year, and when they were also grazed m good pasture 
dunng the grazing season it was possible to secure 300 pounds 
of butterfat per >ear These results were secured when the 
hay, silage, and pasture were all of high quahty and the cows 
were fed all that they could consume 
Amount of Concentrates lo Feed The practice of feeding all 
cows in the mdking herd the same amount of gram is costly 
because it usually underfeeds the best producers and overfeeds 
the low producers m the herd The amount of gram required 
by cows vanes accordmg to the quanbty and nchness of their 
milk and the quality of the roughage ration 
Several guides are commonly used to the amount of gram 
that should be fed to individual cows They are as follows 
1 Based on Amount of Milk Pbodvced This plan was one 
of the first adapted and is the easiest system to use Because 
of its simplicity it is used extensively, although other systems 
are mote exact. 

With average roughage feedmg (2 pounds of hay, or 1 pound 
of hay and 3 pounds of silage per 100 pounds of body weight), 
feed 

Jene^ and Gueroie^ 1 pound of gjrawv wwxtuse for each 25 
to 3 pounds of milk prwiuced, 

Ayrshire, Broien Su-tss, or Grades 1 pound of grain mixture for 
each 3 to 35 pounds of milk produced, 

1/ohtcm 1 pound of gram mixture for each 35 to 4 pounds of 
milk produced 

2. Based on Fat PnoDLCnoN This plan is more difficult to 
apply, since most dairymen have no definite knowledge of the 
•Proc Am Soc of AnimaJ Produdum (1940) 
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weekly butterfat production. The rule is: feed 1 pound of gram 
mixture per day for each pound of butterfat produced per week. 

Neither of tlie above guides take into account variations m 
tlie quality of tlie roughages They will tend to overfeed the low 
producers and underfeed the high producers The average cow 
would be fed about right 

3 Based on Roughage Feeding This guide is based on the 
liberal feeding of good-quality roughage, and on tlie assump- 
tion that the cow will secure suflBcient nutrients for her main- 
tenance and for a limited amount of milk from her roughage. 
For production above this designated amount, the cow would 
be given some gram as follows ® 


Breed 

Jersey 

Guernsey 

Ayrshire and Brown 
Swiss 
Holstein 


Milk 

Produced on 
Roughage, 
pounds 
10 
12 


Gram Allowance 
for Each 
Additional 
Pound of Milk, 
pomid 
0 60 
0 55 


14 0 45 

16 0 40 


As an illustration, suppose a Jersey cow was producing 30 
pounds of milk, then she should be fed 0 6(30 — 10) or 12 
pounds of grain per day, or a Holstein cow producing 40 pounds 
of milk should be fed 0 4(40 — 16), or 9 6 pounds per day 
4 Using a Table That Designates Type of Roughage Table 
XIII may be used as a guide m determinmg the amount of gram 
to feed It gives consideration m a general way to variations in 
daily milk production, m butterfat test, and in tlie quality of 
roughage fed To use the table, first determine whether the 
roughage would be classed as good or fair Good roughage in- 
cludes well-cured, green, leafy hay fed with or without silage 
Fair roughage includes hay of poorer quahty than that referred 
to above, fed vvitli or without silage or limited amounts of straw 
or stover. The next step is to consider the daily milk produc- 
tion and its test. To illustrate, a cow giving 25 pounds of milk 
testing 5 per cent and receiving good roughage would require 8 
pounds of gram daily, or if the roughage was fair, the gram 
•US DA \mc Publ 130 Nev Lip Sta Dul 110 
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xequirement would be 11 5 pounds A cow giving 33 pounds of 
3 5 per cent milk on good rou^ge would require 9 pounds of 
gram or on fair roughage 12 pounds of gram daily 

TVBLE \III 


Grain Feeding Guide fob Stabi^Fed Cows 



"^Poun la of Grain Required Daily 

Foun Is of Milk 

By Cows 

Testing 1 

By Cows Testing 


under 4 Per Cent 

over 4 Per Cent 

Da b 

MTien Roughage Is 

When Roughage Is 


Good 

Fair 

Good 

Fair 

lo 

1 

4 

3 

1 C o 

30 

3 

6 

O 0 

9 

So 

o 

8 

8 

11 0 • 

30 

7 

10 

10 o* 

13 0 

3o 

0 

13* 

13 

16 

40 

11 • 

14 

lo 0 

18 

4o 

13 

10 

18 

30 

oO 

to 

18 

SO 0 

2» 

CO 

17 

20 




• \e^er feed a cow more gram than she can handle with safet> Many 
cows in hca\> production will not remain in good health when fed the 
amounts of gram required to conlioue bea\y production w thout loss of 
U\ e w e ght 

5 Limited Amount of Crain Many successful feeders 
limit the amount of gram that they will feed the individual cow 
and will not feed more than a certain amount no matter how 
much milk they are giving. This bmit is usually about as fol 
lows 

Jersey coils 12 pounds of gram daily 
Jersey (first calf) 10 pounds of gram daily 
Cucrtisctj and Ayrshire cows 14 pounds of gram dail> 
Guernsey and Ayrshire (first calf) 12 pounds of grain daily 
Holstein and Brown Su-tss cows 16 pounds of gram daily 
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Holstein and Brown Swiss (first calf): 14 pounds of grain 

daily. 

The cows are given all the good-quality roughage that they 
will eat, and are fed grain according to production with two 
exceptions: (1) when tire amount of milk produced requires 
more feed than is given above, and (2) when the amount of 
milk produced requires less than 4 to 8 pounds per day. In the 
latter case, tliey continue to feed the 4 to 8 pounds. This of 
course means that the heavy-producing cows are being under- 
fed and must draw on their reserve to keep up the milk flow, 
and that the low-producing cows are overfed and will put on 
weight at tiie end of the lactation and therefore will replenish 
their loss and build up a reserve to last into the next lactation. 
Cows fed in this way seldom go off feed. Usually, animals that 
go off feed cannot be brought back to their production. Cows 
seem to be able to maintain heavy milk flow for several months 
if they are in good condition, even though tire grain ration is 
limited. They may lose flesh but later they have a chance to 
make up tliis loss in weight by being overfed during the latter 
part of the lactation and during the dry period. The amount 
of feed required to feed by this system is about the same for the 
entire lactation as when they are fed according to their produc- 
tion. 

The feeding of insufficient feed nutrients to the milk cows of 
this country is tlie one greatest limiting factor in tlie production 
of milk. The next limiting factor is not feeding a balanced 
ration (refer to Chapter 10), that is, feeding insufficient protein. 

GRAIN MIXTURES 

There is no one combination of feeds that is far superior to 
another mixture tliat can be formulated. Some mcxtures are 
simple, containing only a few ingredients, usually mostly farm- 
grown feeds. Other mixtures are more elaborate or complex, 
containing a large number of ingredients. 

When good quality roughages are fed, simple mixtures give 
equally good results as more complex mixtures. There are 
probably some exceptions to this, where the greater variety is 
more palatable and exceptionally high-producing cows may con- 
sume a greater quantity of the feed. 
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Sk fonnulas for dairy feeds are given below with their analyses. 


ilixture A’o. 1 * 

700 pounds corn-and-cob meal 
200 pounds ground barley 
100 pounds coltooaecd meal 

1000 pounds 

T. Prol-t 11.8 per cent 
D. Prot. 9.0 per cent 
T.D.K. 73.8 per cent 


ilucture No. 2 
700 pounds ground com 
200 pounds wheat bran 
100 pounds sojbean-od meal 

1000 pounds 
T. ProL 13.8 per cent 
D. Prot. 11.1 per cent 
T.D,X. 77.4 per cent 


* One per cent salt should be added to all rations; also, mmerals when 
needed. 

tT. ProL (total protein); D. ProL (digestible protein); T.D.X. (total 
digestible autnenta). 


J/irture .Yo. 3 
SOO pounds ground barley 
300 pounds ground com 
200 pounds ground oats 
100 pounds wheat bran 
100 pounds Iinseed-od meal 

1000 pounds 
T. ProL 14 0 per cent 
D. ProL 11.3 per cent 
T.D.X. 75. 8 per cent 


iXizture No. 0 
200 pounds ground corn 
100 pounds ground barley 
100 pounds ground oats 
200 pounds wheat bran 
100 pounds Imseed-od meal 
100 pounds cottonseed meal 
loo pounds mola&ses 
loo pounds com-dutiUers’ grams 

lOOO pounds 

T. ProL 18 4 pet cent 
D. ProL 14 o |)et cent 
T.DN*. 72 J pet cent 


Mixture No. ^ 

500 pounds com.aDd-cob meal 
200 pounds ground oaU 
300 pounds peaauLod meal 

1000 pounds 


T. ProL 19.1 l>er cent 
D. ProL 1G.4 per cent 
T.D.X. 75.S per cent 


Mixture No, 6 
100 pounds ground com 
100 pounds ground oats 
200 pounds wheat bran 
200 pounds Imseed-oil meal 
200 pounds coltoaseed-od meal 
100 pounds molasses 
100 pounds com gluten feed 

1000 pounds 

T. ProL 23 6 per cent 
D ProL 19 2 per cent 
T.D.X. 71 0 per cent 
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The 'ibove formulas contam high quality grains and by-product 
feeds The digestible protem ranges from 9 0 to 19 2 per cent 
and the total digestible nutrients range from 71 0 to 77 4 per 
cent 

A formula may contain some low nutrient feeds A feed of 
this land would have a lower feedmg value The following 
is a formula for such a feed 

MiiUire No 7 

300 pounds com and cob meal 
300 pounds oat mill feed 
300 pounds brewers’ grains 
30 pounds synthetic urea 
70 pounds citrus pulp 

1000 pounds 

T Prot 20 4 per cent 

D Prot 14 2 per cent (considermg urea 60 per cent digestible) 

T D N 58 0 per cent 

Breeders who are pushing their cows for high official test rec 
ords will use the best feeds and will feed more liberally The 
cost IS not so great a consideration as in general herd feeding 
Where cows are fed heavily and pushed for high records, the 
feeder must be capable of gettmg the most possible nutrients 
uito tile cow and still keep her on feed 

Carnation Ormsby Madcap Fayne a former national champion 
milk producer with a record of 41 943 pounds of milk in 1 yeai 
was fed daily ® tliioughout the year an average of 

35 pounds alfalfa hay 
20 pounds com silage 
40 pounds sugar beets or mangels 
10 pounds kale or cut fresh grass 
18 pounds gram mixture (wheat mixed feed, soybean- 
oil meal, ground com. Unseed oil meal, ground oats, 
com germ meal, and minerals) 

Plamimg the Feeding Program Profitable feedmg requires 
planning for the winter feed supply A dairyman should make 
• Carnation Mdk Farm \cu.s, 23 1 
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next harvest it letu i i estimated yearly 

nt offLd «yne“d ^dany animals is given m the table. 


E-STlUaED WOCNTOF 


TVULE XIV 

Feed IlEQCiaED dt DAinv VsislAlu ron A Yeab 


Kind o! Lueslock 


Feed Hequired Each lleail per Year 


^\ ithout Sitagc 


■\^lth Silage 


Dry 
Hough 
age, tons 


\UCon- I Dry 
centrales, 1 Rough- 
pounds I age, tons 


Cows weighing 
1000 pounds and 
gt\mgC000 I 
pounds ol 4 per 1 
cent milk 
For each 1000 
pounds more 
mi\tc add 
Dairy heifers 1-2 
jears 

Dairy caU es under 1 
1 jear 


2H 


1)4 


All Con 
Silage, pcjjtrates. 
I pounds 


1J4 


COO 

oOO 




300 

COO 

nOO 


The feeding and handling of a dairy herd so as to secure a 
profitable amount of milk from them requires a broad knowl- 
edge of feeds and how the cow uses them The feeder mus 
be able to observe the response of his cows to their feed 
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Effect of Abnormal 
and Unusual Rations 


The effiaent producbon of milk usually calls for feeding a 
\\ ell balanced rabon, fortified m all the essentials of a good 
rabon and div’ided faebseeo roughages and concentrates Nfany 
bmes hoiveier such rabons are not fed, either because of 
Ignorance on the part of the feeder, or because of abnormal con 
diUons which iusbf> a departure from ordmary methods A 
feeder howeser, should understand what should be expected 
under such condibons The following discussion will gi%e some 
experimental evidence on the results obtained by different meth 
ods of feeding. 

FEEDLNG UN'BALA.NCED RATIONS 

A rabon is said to be balanced when it contains the different 
nutrients m the proper proporbon to meet all the requirements 
for maintenance and producbon. When any of the necessary 
constituents are not given m sufficient quanbbes the ammal 
cannot produce milk up to the lumt of her ability A cow can 
not change materially and permanently the composition of her 
milk, and its producbon is conboUed by the consbtuents of her 
feed An excess of protein for instance may be used to some 
extent for the producbon of energy, although it is not usuall> 
economical to produce energy m this way An excess of energ> 
producing material, howexer cannot take the place of protein 
Insufficient Feei One of the common mistakes that manv 
feeders make is to use insufficient feed— rabons low in both 
protem and energy The mtelligent feeding of dairy cows is of 
greater importance than is often realized Man> cows that are 
now causmg a loss to their ou-neis would yield a good return if 
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fed properly The tests below show that the milch cows of tlie 
United States are probably mucli better tlian their records indi- 
cate The feeding of sufficient feed would no doubt greatly 
increase the average production of the cows in tins country 
An experiment conducted at the Maryland Experiment Sta- 
tion ® shows tlie effect of good feeding A herd of eight cows 
was kept under observation by tlie station on a farm for 1 year 
The followmg year the same animals were kept at the station, 
where a good feeding system was followed Table XV shows 
the effect of proper feedmg on ordinary cows 

TxVBLE XV 


CoiiPARisoN ot Feedinq Metiiods 
(Mari land Experiment Station) 





A\ erage 

Average 



Second 

Pounds 

Founds 


First Year, 

Year, at 

Milk 

idiik 

Number 

on Farm, 

Station, 

per Day 

per Daj , 

of 

pounds 

pounds 

best neek, 

best eek, 

Cows 

of milk 

of milk 

first year 

second y ear 

1 

4004 

6092 

27 

40 

a 

4122 

oOal 

21 

33 

3 

dl92 

G1C3 

27 

40 

4 

4o37 

6134 

27 

48 

5 

6097 

G99a 

31 

35 

6 

4035 

7995 

27 

57 

7 

6357 

6828 

38 

33 

S 

4653 

5465 

24 

37 


A similar experiment, though somewhat more extensive, was 
undertaken by the New York Experiment Station f A herd 
representative of the cows in the farmmg community near Cornell 
University was selected During 1 year, tliese cows were fed 
and handled by their owner, but records of the feed used and 
the milk produced were kept by the experiment station The 
following 2 years the animals were kept in the college bams and 
fed balanced rations They were then returned to the farms, 
where records were kept for the fourth year Table XVI shows 
the average yearly production during the 4 years and the length 
* Data furnished to one of tlie autliors by Doane 
1 N Y , Cornell Exp Sla Bui 222 
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TVBLE XVI 


l^-rn:E^CE OF LiBEHAE FeEDCSG O'. PRODCt7^IO^ 
A\erage \earlj Production 


Year 

Iloa Fed 

Milk. 

pounds 

Fat, 
per cent 

Fat 

pounds 

1900 

Poorly 

3360 

4 4 

148 

1901-1902 

Liberallv 

6621 

4 6 

301 

1903 

Poorlv 

4492 

4 3 

190 


Lacta 

tion 

Penod 

weeks 

34 

43 

39 


of the lactation penod This table shows that the cows, durmg 
the 2 years at the college produced a yearly average ot 
pounds more milk and 132 pounds more fat than they averaged 
dunng the 2 years at the farm The increased producUon m 
1903 over 1900 was probably due to their unproved physical 
condition after 2 years of proper feeding Proper fee^g ^ 
creased the length of the lactation penod from 04 to 
Needless to say, not only was there an increase in production 
but also the enterprise was much more profitable when they 
were fed liberally , 

Heavy Fcedmg It is usually profitable to give to cows tna 
have the abihty to produce large amounts of milk all that is 
necessary in order to reach their normal limit of produ^on 
The amount of feed required for mamtenance by cows of the 
same weight is practically the same and the differences m pro 
duction are due to the amount of feed consumed over that re 
quired for mamtenance This being so, it is more profitable to 
produce milk from a cow that will produce 20 pounds than from 
one that will produce only 10 pounds The higher producer is 
more economical because she produces more milk with the 
amount of food for maintenance as the low producer Two of the 
low producing cows must be maintained to produce the amount 
of milk that IS obtained from one of the higher producers Al 
though it IS true that high production is the most economical it 
does not follow that cows should be forced to the limit of their 
production The last few pounds may cost more than they are 
vorth. There is a point in the feedmg of dairy cows where it is 
not profitable to use more feed m order to get a higher produc 
bom The law of dimmishmg returns is brought mto operabon 
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because the proportion of concentrates required is greatly in- 
creased, with the result that a very high percentage of the feed 
comes from the high priced concentrates In advanced registry 
feeding it may pay to get tlie last few pounds of milk from the cow 
because of the value of the record The extra milk, however, may 
be produced at an actual loss 

Research has been carried on at a number of the experiment 
stations to determine the economy of heavy and nonnal feeding 
for dairy cattle In an experiment at the Wisconsin Experiment 
Station * SLxteen cows were fed what are called, respectively, 
heavy and normal rations The heavy rations consisted of an 
average of 110 pounds of dry matter for each 100 pounds of milk 
and an average of 23 8 pounds of dry matter for each pound of 
fat The normal rations averaged 81 8 pounds of dry matter for 
each 100 pounds of milk and an average of 21 7 pounds of dry 
matter for each pound of fat 

All tlie cows in the lot fed the heavy gram rations consumed 
more dry matter to a pound of milk and butterfat than those fed 
the normal ration The cows fed the heavy ration did not mam 
tain the full flow of milk during the following 2 months of the 
experiment any better than the normally fed cows There was 
actually a small difference m favor of the normally fed animals, 
perhaps owmg to digestive disorders or to overfeedmg The con- 
clusion drawn from the experiment was that it was unprofitable 
to feed the cows more than a medium amount of gnm unless 
they were animals with marked dairy tendencies It has been 
found tliat dairy cows will digest a medium to low ration better 
than a heavy one 

Rations Low m Protein In an experiment at the Illinois Ex 
periment Station,! two groups of ten cows each were fed rations 
equal except in amount of protein, as follows 


Lot 1 

Founds 

Lot 3 

Founds 

Com silage 

SO 

Corn silage 

30 

Clover hay 

8 

Timothy hay 

o 

Gluten feed 

4% 

Clover hay 

3 

Ground corn 

3H 

Ground corn 

8 

* Wise Exp Sla Bui 

116 
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The ration of the first lot contained 1 pound of digestible pro 
tern to 6 pounds of digestible carbohydrates and fats, which is a 
balanced ration for coms giving 40 pounds of milk daily The 
ration of the second lot contained 1 pound of digestible protem 
to 11 pounds of digestible carbohydrates and fats, which is a 
ration too low m protein for cows giving 40 pounds of milk 
Lot 1, which received the balanced ration, produced 1 7 pounds 
more milk during the preliminary week of the trial, during the 
second week or the first week of the tnal, the increase was 58 
pounds for each cow daily, and m the seventh week the gam was 
13 2 pounds The average for the 19 weeks of the test was 10 65 
pounds of milk for each cow daily, m favor of the cows fed the 
balanced ration 

The cows receiving the balanced ration produced appron 
mately one thud more than those receiving the low protein ra 
bon Six and one half cows on the balanced ration produced as 
much as mnc cow s on the ration low m protein 
The cows that received the balanced ration were in better 
physical condition and had good flesh at the cod of the tna!. 
ubereaj those receiving the unhahncc<} ration lost greatly' in flesh 
and their subsequent production was also reduced The carbo 
hydrates and fats could not take the place of the protem 

Rations High in Protem In a research project at the Virginia 
Experiment Station * a group of cows was fed a rabon high m 
protein The ration consisted of 2 pounds of cottonseed meal, 2 
pounds of bran 7 pounds of com gluten meal and 40 jiounds of 
silage This had a nutnbve ratio of 1 24, and the gram ration 
contained 28 2 per cent of digestible protem The cows refused 
25 per cent of their ration, but the amount they consumed sup 
plied them with sufficient energy and times as much protem 
as was ntetssary The excess amount of protem was digested, 
and the coefficient of digesbbihty of it and the other nutrients 
agreed very closely with the average coefficients The cows were 
able to use this excess protein by voiding tlie excess of ntlroj^en 
m urine and using the remainder to furnish energy or to supply 
faL Tlic animals on tlus rabon were m excellent condibon 
througliout the experiment. 

•\a Eip Sid Tcc/i BuL 12. 
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Amount of Protein to Feed Although an excess of protein 
may not seem to be detrimental to the cow, yet for economical 
milk production it is usually best to feed somewhat near the mini- 
mum requirements A study was made at the Cornell Experiment 
Station ® in which the production of cows fed a 24 per cent pro 
tern gram mLxture, a 20 per cent protein grain mucture, and a 16 
per cent protein gram mtxture was compared All cows were fed 
mixed hay and corn silage The experiment extended over a 
period of 3 years, and the results are given in Table XVII The 

table xvn 

Prodoctiov of Cows on Vxuxing Levels of Protein Feeding 
Cornell Experiment Station 


Production of Milk m Pounds 


Protem, 
per cent 

1928-1929 

1929-1930 

1930 1931 

le 

9,262 

9577 

Does 

20 

10,006 

9089 

9073 

U 

9,410 

9804 

9a42 


conclusion of this study was that a 16 per cent total protein con 
centrate mixture, fed witli No 2 timothy clover mixed hay, and 
com silage as roughage, gave as high production when fed at 
the rate of 1 pound of concentrates to each 3^4 pounds of mdk 
produced as either a 20 per cent or a 24 per cent total protein 
concentrated mixture There was no evidence of a sbmulatmg 
effect of protein on milk secretion The 16 per cent ration fur 
nished sufficient protem for maintenance and 127 8 per cent of the 
protein required for the production of the milk and seemed to 
be adequate for efficient and economical milk production 
Rations High m Energy The workers at the Virgmia Expen 
^ent Station | also fed a group of dairy cows a ration high in 
energy but containing sufficient protein when the average diges 
tion coefficients were used This ration consisted of 9 pounds of 
com meal 2 pounds of wheat bran and 40 pounds of com silage 
The nutritive ratio of the ration wis 1 11 

The cows fed this ration consumed almost all their food and 
consequently obtained a large surplus of energy However, abd- 

* Cornell Exp Sta Bui 540 
tVo Exp Sta Tech Bui 12 
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ity to digest the nutrients decreased until the energy dropped 
to the requirements of the body for maintenance and milk pro 
duction Digestibility of protein decreased 47 per cent, hence, 
they were unable to mamtam flesh and decreased in iveight 
rapidly The digestibility of crude fiber dropped 54 per cent, 
nitrogen free extract 24 per cent, and fat 19 per cent The aver- 
age digestibility of all the nutnenls m the ration was 23 per cent 
below the a\ erage coefficients as ordinarily given 

FEEDING WITHOUT ROUGHAGE 

The cow’s stomach is especially adapted for the handUng of a 
large amount of roughage, and it is behe\ed by practical dairy- 
men that a ration must contain some of the coarse feeds, such as 
hay or silage However, experiments conducted a number of 
years ago by Miller showed that dry dairy cows could be mam 
tamed for 8 weeks on com meal alone He reported that the cows 
seemed contented after the first few days but ceased to ruminate 
At the Utah Experiment Station,* sheep and 2-> ear-old steers 
were successful fed on gram alone The sheep were fed for al- 
most 6 months, and the steers for almost 8 months 
A later study at the Cahfomia Expenment Station f shows 
that dairy animals can be grown to normal sue when fed a 
ration devoid of roughage but supphed with vitamm A Increase 
m body weight and milk production alter first calving were sub- 
normal because of insufficient nutrients The appetites of the 
animals were excellent, but it was necessary to hmit the ration m 
an effort to av oid serious bloat The reproduebon functions of 
the ammaU w ere norinal, some producing as many as three calv es 
without breeding trouble 

Seventeen lactabons, more than 293 days m length, have aver- 
aged 6458 pounds of milk tesbng 3 19 per cent fat The lowest 
produebon was 4460 pounds of nwJk, and the highest 97SS 
pounds The cows rummated at regular intervals, and the effi- 
ciency of digesbon was found to be similar to that of animals re- 
ceiving roughage With the exception of bloat, no imusual symp- 
toms were noted. 

* Vta}i Exp Sta But 21 
I 1/oanfi Dair]/nutn, S2 Ido 
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For some reason not yet fully explained, calves cannot success- 
fully be grown when their ration is devoid of roughage. The 
California Station was able to grow calves to maturity by feeding 
them cod-liver oil and the ash from alfalfa hay, and also calcium 
carbonate and cod-liver oil. Other investigators have not been 



Fig 18. Calf 4 months of age Uiat has been deprived of roughage 


SO successful. Calves fed milk and gram, or either one alone, 
develop normally for several months, and then gradually develop 
anorexia, lose weight, and eventually die. The blood of such 
animals shows low hemoglobin values, and general evidence of 
anemia also develops. This, Ixowover, can be prevented by the 
addition of iron and copper lo the ration. Often, tetany occurs 
With calves fed sucli raliuns. It has been shown that this is due 
to low blood inagtiesiuni. Tlio Niissouii Experiment Station,® 
however, fed a group of calves on whole milk supplemented with 
ifon, copper, magnesium, ami cod-Hvei oil with the residt that 
they died when about 12 lo 13 months of age. 

® Mo. A(iT. Cxp. Ma. lUs, Ifiil. 215 


176 Effect of Abnormal and Unusual Rations 

Although these studies are of ejqiemnental interest, the ques- 
boa ivhether or not the animal could subsist upon gram alone is 
not so important as the economy of the pracbce At ordinary 
prices of concentrates and hays, it is usually economical to feed 
roughages freely, at least to the medium producing cows 

FEEDING ROUGHAGES ALONE 

Dry cows can be mamtained successfully on roughage alone, 
but when cows are producing milk, such a rabon is not high 
enough in net energy to give maximum producbon 
In a tnal at the New Jersey Experiment Stabon * a rabon con 
siibng of 35 pounds of com silage and 17^2 pounds of alfalfa hay 
ivas compared with one coosistmg of about 9 pounds of concen 
bates fed with com silage and com stover The latter rabon 
produced 20 per cent more milk than the one without any con 
centrates 

In the ungated alfalfa distncts of the West, alfalfa is often the 
sole feed of dairy cattle Although highest production cannot be 
expected with a ration such as this, yet sometimes the increase in 
producbon due to the feeding of concentrates may not be suffi 
cient to pay for the exba feed Under such cucumstances it ma> 
not be economical to feed grain Fairly high producbon is some 
times obtamed when cows are fed roughages alone but usually 
the production is not so heavy as when they are fed a gram rabon 
Several expenments f have been conducted which show the 
difference in producbon the results of which are shown m Table 
XVIII 

Even though the production is much less when the ration con 
sists of roughage alone than when a lull gram rabon is fed, under 
certam conditions it may not be proBtable to feed the grain 


FEEDING FROM RESTRICTED SOURCES 

In extensive studies at the Wisconsin Expenment Station f the 
phv siological value of rabons from restneted sources for dairy 
• \ J Eip Sla Bui 2(H 

} DJi. nept awl Nec Agr Exp Sta BuL 140 
JWuc Ret But 17 and Wttc Rei But 49 
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TABLE XVIII 

A^ERAGE ^IlLK AND BuTTERlAT PrODUCTIOV OF CoUS FeD RoUGHAGES 
Alone \a Compvhld ^VIT^ Tuoat. Fed Rodgiiage a Gr.\iv Rvtiov 


Station 

A\ erage Ytarlj ililk Production 

Percentage of 
Difference 

Roughage Atone 

Full Gram 

:\iiik, 

pounds 

Fat, 

pounds 

Milk, 

pounds 

Fat, 

pounds 

Milk 

Fat 

1 

Montana 

13,Gj7 

478 

17,852 

020 

30 7 

29 7 

Ne\ ada 

8,000 

283 

0,498 

331 

17 4 

16 9 

USD A 

ll,d7j 

402 

18,009 

621 

58 3 

54 5 


cows was investigated One lot of heifers were fed a lation con- 
sisting of feeds entirely from the corn plant, another from tlie oat 
plant, a third from tlie wheat plant These rations were com- 
parably balanced in regard to the supply of digestible organic nu- 
trients All the heifers grew fairly well, but those fed the oat 
and wheat rations failed to give birth to normal young Most 
of them aborted, and the calves were born dead or very weak 
The calves from cows fed the com ration, however, were strong 
and vigorous Furtlier investigations showed that the wheat 
and oat rations were lackmg m a complete mineral mixture 
When calcium was added to the ration the calves of tlie cows 
fed on the oats ration weie normal, although witli the wheat plant 
this was not entirely successful When alfalfa hay was added to 
the wheat ration in place of the wheat straw, the results were 
good for a while Growth was normal and reproduction also was 
normal in the first gestation period, but weakness appeared in the 
second The alfalfa introduced a belter salt mixture, a little dif- 
ferent protein mixture, and a more plentiful supply of vitamins 
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FEEDING B\ MEANS OF A SELF FEEDER 

When dairy animals arc fed by means of a self ftedtr, in which 
gram or roughage and gram arc put before llitm so lliat thej 
liavc access to them at aW times, the anunais are scry extravagant 
m die amounts they consume Tlic> consume much more feed 
tlian they rctiuirc for maintenance and milk production Tlie> 
not onl> cat more gram and less roughage, but if given a free 
choice of concentrates they consume an unduly large amount of 
protein. Frce-choicc feeding docs not cause cows to balance 
their nutrients, minerals, or vitamins by instinct Tlicy tend to 
become overweight and art not appreciably more productive 
The health of the animals is not affected, provided that they are 
gradually accustomed to the method 

Grovvmg animals consume a much larger proportion of gram 
than hay, to such an extent that they sometimes suffer from a 
Jack of vitamins and dev elop typical vilamin-dtiicicncy s>mptoms 
Workers at Oklahoma and Texas Stations * successful!) regu 
lated the consumption of cottonseed meal by beef cows that 
were self fed by using a salt cottonseed meal mature, composed 
of one third salt and two thirds cottonseed In this proportion 
the cows consumed an average of 2.7 pounds of cottonseed 
meal daily 


feeding EXCESSIVE A-MOUNTS OF 
COTTONSEED MEAL 

Cottonseed meal contains a poisonous substance called goss) 
pol which IS said to vary with the climate and soil upon which the 
cotton is grown In prepanng cottonseed meal the seeds are 
heated and (he od pressed out of them In this process some of 
the gossypol is destro) ed or changed chemical!) so that the meal 
IS less toxic than the seed This goss)'pol is said to be harmful 
to livestock, causing what is known as cottonseed meal injuiy It 
has been reaimmended that only a limited amount of cotton 
seed meal be fed to dairy animak Tliis cottonseed injury is char 
• J Am Sc« 10 lOoS and 1060 
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actenzed by blindness, weakness, abortion with dead or weak 
calves, and eventual death. 

Experiments have shown,® however, that such trouble does 
not occur when cottonseed meal is fed in addition to a good 
roughage. The same trouble has been experienced when animals 
were fed hnseed-oil meal, peanut meal, and soybean meal, with 
a poor roughage It would seem, tlierefore, that cottonseed-meal 
injury in dairy cattle was caused, not by the cottonseed meal 
Itself, but by the lack of some substance earned by good-quality 
hay. Such roughages supply vitamins, especially vitamin A, and 
calcium, which is lacking in the cottonseed meal and other feeds. 
There seems to be no danger in feeding large amounts of cotton- 
seed meal to dairy cows or to heifers if it is fed with a good- 
quality roughage The heavy feeding of cottonseed meal f does 
not increase the susceptibility of heavy milk cows to udder in- 
fection, even when fed in large amounts with alfalfa hay. 

FEEDS AND FEEDING METHODS AFFECTING 
FAT TEST 

It has been found \ that cows fed only a small amount of 
ground hay plus liberal amounts of gram decreased in butterfat 
test as much as 60 per cent Cows fed silage § and finely ground 
hay in usual amounts did not change in their butterfat test In 
another study ^ cows were limited to 3 pounds of hay daily with 
as much concentrates as they would eat After 2 weeks, the 
butterfat test had dropped 1 to 2 per cent and remained at that 
low level as long as the cows remained on tins diet The cows on 
normal roughage feeding had rumen fatty acids m the pioportion 
of 65 per cent acetic, 20 per cent propionic, and 15 per cent 
butyric, whereas witli the low roughage ration, the low fat test 
was accompanied by a low per cent of acetic and a high per cent 
of propionic, with tlie butyric remaining about the same Two 

C Tech Bui G9 and / Dairy Set , 13 478 
\USDA Tech Bui 473 

t Proc Am Soc Ammal Production, p 40 (1938), 7 Dairy Set, 28 147 
§ 7 Dairy Sci , 22 799 
5 7 Dairy Sci , 34 493 
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Florida chirjmcn* Incl difficulty with low bultcrfat test In- 
\cstigation rc\ealcd that they were feeding bulky concentrates 
and citrus pulp for roughage along with mixed concentrates fed 
heavily The feeding of baled hay, silage, or providing adc 
quate pasture appeared to alleviate tlic subnonnal butterfat tests 
Cod liver oil t given to milking cows in doses of 30 milliliters 
or more daily will reduce the butterfat test Sliark and salmon* 
liver oil do not depress the butterfat test 
Influence of Galaclogogucs on Oic Fat Percentage. Many 
people bchev e tlial it is possible to increase the percentage of fat 
in llie milk of a cow by feeding certain galactogogiics Several 
experiments have been conducted to determine the effect of 
certain galaclogogucs upon the yield of milk and llie percentage 
of fat Tabic XIX has been taken from the results of some work 
done at the Pennsylvania State College t 


T\UIE \I\ 

Errsci op Vaiuocs Gal.vctococue.h on Mjuw Yield a.nd rfincENTAOB 

OF IaT 


Sumljcr Nuiobcf 
Number NumWr Increased Dccreawd 
Number Increased Decreased m Fat m F®' 
The Kind of of m Milk in Milk Per Per 

Galactogoguc TmU \icM \jcW cenUge cenUge 
Sodium bicar* 


bonale 10 jO 0 5 5 

Gentian 10 5 5 5 5 

Ginger 10 3 7 10 0 

Nui vomica 0 4 5 3 0 

Pilocarpine 
ijdrochlor 

(injected) 0^4 33 

Malt extract 10 7 3 5 5 

Alcohol (external 

to udder) 0 2 4 3 3 


All ten COWS to which sodium bicarbonate was fed showed a 
shght increase in milk production, but the tests were not re 

* Proc Sou Agr Workers p. 77 (1949) 

\ Secretion of Milfc, Espe 
i Fa Exp Sla Repf 1915-1916 
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peated a sufficient number of hmes to determine that these slight 
increases were not due to natural causes In all tlie cows which 
were fed ginger, in ounce doses twice a day, tliere was a slight 
increase m the percentage of fat in the milk, but m most of them 
also a slight decrease m the milk yield, so that the total fat was 
not increased The other drugs did not seem to have very much 
effect on either the milk yield or the percentage of fat m the 
nnlk 

At the Iowa Experiment Station ® it was found that alcohol, 
castor oil, Epsom salts, pilocarpine, and aloes had no effect 
upon the milk yield Hayes and Thomas f found that air-slaked 
lime had a beneficial effect upon the milk flow None of the 
drugs which tliey used seemed to have any effect m increasing 
the percentage of butterfat 

FEEDING OF MISCELLANEOUS FEEDS 
AND SUBSTANCES 

The feeding of large quantities of fat, | more than 2 pounds 
per day, to dairy cows will cause digestive disturbances and bring 
about decreased production 

Soybeans contain tlie enzyme urease When soybeans are 
processed for oil, the soybean oil meal is usually heated suflS 
ciently to destroy this enzyme Occasionally, some of the enzyme 
by passes or endures the process When ground, raw soybeans 
or soybean oil meal containmg urease is mLxed in a feed contain 
*ug urea, the urease liberates ammonia from the urea This 
makes an unpalatable feed which cows do not like and usually 
'vill not Willingly eat 

REFERENCES FOR FURTHER STUDY 

1 Fraser and Hayden Balanced and Unbalanced Rations for Dairy Cattle, 

Exp Sta Bui 159 (1912) 

2 EUioit and Holdaway, The Effects of High Protein and High Energy 
Rations in Feeding Dairy Cows, Va Exp Sta Tech Bui 12 ( 1917) 

DainjSci, 4 74 
1 J Agr Research, 19 123 
t Secretion of Mtlk, Espe 
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Florida dairjmtn* bad difRciilty with low buUtrfat lest In* 
vostJgahon revealed that they were feeding bulky coneentrates 
and citrus pulp for roughage along with mixed concentrates fed 
heavily The feeding of baled haj, silage, or providing ade- 
quate pasture appeared to alleviate the subnonn il bullerfat tests 
Cod liver oil 1 given to milking cows ni doses of 30 milliliters 
or more daily will reduce the bullerfat lest Shark and salmon* 
liver Oil do not depress the bullerfat test 

Influence of Gdlaclogogucs on ilie Tat Percentage Many 
people believe that it is possible (o increase the percentage of fat 
in the milk of a cow by feeding certain gilactogogucs Several 
experiments have been conducted lo determine the effect of 
certain galactogogues upon the yield of milk and the percentage 
of fat Table XIX has l>ccn taken from the results of some work 
done at the Pennsylvania State College J 

TVBLL \I\ 


Errecr oi Vuiiota Gauvctooooui» o> Milk Yielu and l*e«C£.sTVCB 



Numlier 

oi Fat 

Number 

Inma«cd 

Sumlicr 

Decreased 

Number 
Increased 
in lat 

Number 

Dc-crcascd 

m lat 

Hie Kinit of 

of 

m Mk 

m Milk 

Per- 

Per 

Gaketogogue 

Trials 

licM 

lieW 

centage 

cents ge 

Sodium bicar- 
bonate 

10 

10 

0 


5 

Gentian 

10 

5 

5 

5 

3 

Ginger 

10 

3 

7 

10 

0 

Vux^olIllca 

9 

4 

5 

3 

0 

Pdocarpine 

hydrochlor 

(injected) 

6 

2 

4 

3 

3 

ilalt extract 

10 

7 

3 

5 

5 

Alcobot (external 
to udder) 

G 

2 

4 

3 

3 


All ten cows to which sodium bicarbonate was fed showed a 
slight increase m milk production, but the tests were not re 

• Pfoc Sou Agr Workers p 77 (1949) 
f Secretion of Milk Espe 
t Fa. Exp Sla Rept 1915-1916 
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peated a suiEcient number of times to determine that these slight 
increases were not due to natural causes In all tlie cows which 
were fed ginger, in ounce doses twice a day, tliere was a slight 
increase in the percentage of fat in the milk, but in most of them 
also a slight decrease in tlie milk yield, so tliat the total fat was 
not increased The other drugs did not seem to have very much 
effect on eitlier the milk yield or tlie percentage of fat in tlie 
milk 

At the Iowa Experiment Station “ it was found that alcohol, 
castor oil, Epsom salts, pilocarpine, and aloes had no effect 
upon the milk yield Hayes and Thomas i found that air slaked 
lime had a beneficial effect upon tlie milk flow None of the 
drugs which tliey used seemed to have any effect m increasing 
Uie percentage of butterfat 

FEEDING OF MISCELLANEOUS FEEDS 
AND SUBSTANCES 

The feeding of large quantities of fat,| more than 2 pounds 
per day, to dairy cows will cause digestive disturbances and bring 
about decreased production 

Soybeans contain the enzyme urease When soybeans are 
processed for oil, tlie soybean oil meal is usually heated suflB- 
ciently to destroy tlui^ enzyme Occasionally, some of the enzyme 
by passes or endures the process When ground, raw soybeans 
Or soybean oil meal containing urease is mixed m a feed contain- 
ing urea, tlie urease liberates ammonia from the urea This 
makes an unpalatable feed which cows do not hke and usually 
'vill not wilhngly eat 

REFERENCES FOR FURTHER STUDY 

1 Fraser and Hayden Balanced and Unbalanced Rations for Dairy Catfie, 
111 Exp Sta Bui 159 (1912) 

2 EUiott and Holdaway, The Effects of High Protein and High Energy 
Rations m Feeding Dairy Cows Va Exp Sta Tech Bui 12(1917) 

* J Dairy Sd , 4 74 
f J Agr Research 19 123 
t Secretion of Milk, Espe 
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Making and 
Feeding Silage 


For a great many years the advantage of preserving green 
crops for winter feeding has been recognized As early as 1786,* 
history records that the Italians preserved green crops for their 
animals by storing them in pits under the ground The French 
and English are known to have stored green crops a century and 
a half ago We are not quite certain who should be given credit 
for the first silo in the United States, but it is probably Fred L 
Hatcli, who built one on his farm in 1873 Nevertheless, farm- 
ers were slow to follow his example, and silos have been used 
extensively only since about 1900 They are now to be found 
in all sections of the country, especially where dairying plays 
any large part m the farming industry The use of the silo to pre 
serve corn, grasses, legumes, and other crops for feed for dairy 
Cows IS now a very common practice It is an important part 
cf the equipment of a profitable dairy farm in many sections of 
^he country In some of the southern states cattle are pastured 
durmg most of the year, and consequently silage is not fed so 
extensively as in areas where heavy wmter feeding is practiced 

ADVANTAGES OF THE SILO 

The silo IS used and silage is fed on most dairy farms m tlie 
United States This widespread use is the result of tlie follow- 

*ng advantages 

I The silo offers the one means of taking the entire forage 
P‘^nt from the field and preserving it in a succulent form The 
can be harvested and stored at the time in its development 
cn It has the greatest milk producing value 

Farmers’ Bill 32 
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2 More feed nutrients can be growTi on an acre of cropj used 
for silage than an acre used for most other crops This is shown 
in Table XX, which gives the estimated crop yields, digestible 


TABLE 

Eshmated Chop Yield, DiCESTiuLENimuENTs, and Milk 1’hodcctiov 

PER \CltE 





Total 

4 



Digcstilile 

Digestible 

Per Cent 


Pounds 

Protein. 

Xulnents, 

Milk, 

Crop 

per Acre 

Iiounds 

pounds 

pounds 

Corn silage 

12,000 

180 

2472 

3802 

MUlfa liny 

Com, car and 

4,000 

424 

2012 

3142 

stover 

3,850 

135 

lOCO 

3002 

Timothy hay 

2,000 

o8 

038 

1402 

Soybean hay 

3,000 

333 

1518 

2370 


nutnents, aod rmlk production per acre of vanous crops 

It can be seen from this table that com silage furnishes more 
nutnents per acre than any other crop Alfalfa and some of the 
other legumes rank high m this respect and produce more digest' 
ible protein than com 

3 Less waste results when crops arc put into the silo than 
when they are handled ui the dry state More than one third of 
the total food material m the com plant is found in the stover 
When com is husked in the field and the stover is fed, consider- 
able loss always results Table XXI from the Pennsylvania Ex- 


TABLE XXI 


CoiiPAaisov OF DiGEs-nuLE ALiirrH Found in the Ears ind Stoteb 
OP AN Acbc of Corn 


Constituents Ears 

Protein pounds 241 

Carbohydrates, pounds 2301 

Fat, pounds 12a 


Stoser Total Crop 
83 327 

1473 3774 

22 147 


Total 


2C70 


penment Station" gives the relative amount of digestible matter 
found in the ears and stover of an acre of com 
• tJ S D A Farmers Bui STS 
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Advantages of the Silo 

Even when com is husked and carefully shocked, much of the 
food value in the stalk is lost In tests made by the Colorado 
Experiment Station, tlie losses due to curing corn m the field 
were considerable Table XXII shows these losses under dif- 
ferent ways of handling 


TABLE XXn 


Losses During Curing op Corn under Different Methods 



Large Shock 

Small Shock | 

On the Ground 

Total 

Weight, 

pounds 

Dry 

Matter, 

pounds 

Total 

Weight 

pounds 

Dry 

Matter, 

pounds 

1 Total 
Weight 
pounds 

Do 

Matter, 

pounds 

lien shocked 

9o2 

217 

294 j 

77 

186 

42 

After curing 

2o8 

150 

64 

44 

S3 

10 

Loss in ^ eight 

094 

07 

230 ‘ 

33 

1 153 

23 

Per cent loss 

73 

31 

78 

43 

82 

55 


When tlie corn is put into tlie silo, all the food nutrients goes 
with it The losses in the silo due to fermentation, though con 
siderable, are much lower than those that occur when tlie fodder 
or hay crop is exposed in the field It was found at the Wiscon 
sm 'Experiment Station * tliat the iosses in the silo due to fermen 
tation and to spoilage on top and sides and the losses of the 
}uices averaged about 9 1 per cent If crops are made into hay 
tlie losses because of unfavorable weather conditions are often 
very heavy 

The Bureau of Dairy Industry, United States Department of 
Agriculture,! reports tlie loss of nutrients m alfalfa from the time 
it was cut until it was fed m the manger In these experiments 
they compared the loss under three systems of storage, as silage, 
as barn cured Iny, and as field cured hay without ram damage 
The silage method conserved a higher percentage of dry matter, 

“ Wtsc Exp Sta Bui 59 
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protein, and carotene than either of the other two methods The 
silage also produced more milk than did the hays, and the m 
was considerably higher m its carotene content The relative 
efficiency of these three methods is shown in Table XXIII. 

TVBLE XXUI 

Per Cent of Drt 'Matter, Protein, and Carotene Pbeseri'ed. and 
IIeu\ti\e ^Vuount of Mile Prodlced from Alfalfa Stored by 
Three Methods 



Drj 



Milk'iield 


Alallcr 

Protein 

Carotene 

per 4cre 


Preserved, 

Preserved, 

Preserved, 

of Forage, 


per cent 

per cent 

per cent 

per cent 

Crop as cut 

100 

100 

100 

112 

M iltcd silage 

84 

84 

28 

Barn^ured liay 

81 

7G 

7 5 

108 

VicM^cured ha). 
(do ram) 

75 

C9 

3 0 

100 


4. The crop can be harvested and stored as silage more cheaply, 
more quicUy, and with less labor than m other methods of 
harvesting This is because most of the work is done with ma- 
chinery and the crop is handled but once The field chopped* 
automatic unloadcr, and forage blower have practically ehnii 
nated the need for handlmg the silage crop by hand at any 
point from the standing crop to the stored silage 

5 Silage requires less space for storage A ton of silage re- 
quires from 40 to 50 cubic feet of space, whereas a ton of loose 
hay will require 8 to 10 times tins space, and baled hay, 3 to 4 
times as much space One ton of hay has a feeding value about 
equal to 3 tons of silage 

6 Feed stored as silagc is not subject to fire hazards as is ha) 

7 Practically any grten forage crop is suitable for ensiling. 
Weedy crops and crops with coarse stalks can often be used with 
good results when put into the silo 

8 In many areas of the United Stales it is difficult to cure hay 
satisfactonly because of the weather conditions The use of the 
silo makes the saving of hay crops possible, even under unfavor 
able lia> making wtalhtr 


187 


Chemical Changes m Silage 

9 Silage provides a succulent feed available at all times of the 
year A succulent feed is necessary for the most economical pro 
duchon of milk, and the silage provides it for wmter feedmg bet 
ter than other feeds The carotene is better preserved and the 
silage makes a very palatable feed, which has a beneficial effect 
upon the digestive system of the cow 

CHEMICAL CHANGES IN SILAGE 

When the green chopped forage is first stored in a compact 
mass m a silo, the hving plant cells continue to respire, thus 
rapidly using up the oxygen m the trapped air and giving off 
carbon dioxide In about 4 or 5 hours the free oxygen is all 
used up but the carbon dioxide mcreases rapidly for about 48 
hours, when it comprises from 60 to 70 per cent of the silo gases 
Subsequent to this it begins to decrease After the oxygen is 
used up molds do not develop, smce they are unable to grow in 
the absence of oxygen 

Temperature Increases If Oie air is excluded, the increase in 
temperature is not great, it will be about 80® to 85®F near the 
bottom and about 100®r or a httle more near the top The 
temperature continues to increase for about 15 days and then 
gradually decreases If air gels into tlie silage, the temperature 
may nse to 130®r, but when the silage is properly packed, tins 
increase will occur only near die surface or where the air can 
reach it The belt is caused by bacterial fermentation 
Baclcrn Increase The plant forage carries with it a large 
number of bacteria The conditions for growth found in silage 
( proper temper iture, food, and moisture ) are excellent, especially 
for the lactic acid bacteria and their numbers increase very 
rapidl) frcqucnll) to hundreds or thousands of millions per 
cubic centimeter of the juice These bacteria or enzymes pro 
duced by them, and enzymes from the cut plant material, attack 
the sugars and other food material, breaking them down into or- 
K imc acids, principal!) lactic, with some acetic and small amounts 
of other acids, and also some ethyl alcohol It has been found 
tint besides the sugars, 25 per cent of tlie jientosans and 23 per 
cent of the starch contained in the forage arc changed as a re 
suit of I mouths ensiling Much of it is cli inged to org imc acids 
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and some of it « used for food to *e the pro- 

into compounds m then J or digested and 

re arfuTdTy toTactena to their growth, much as occurs 

has increased to a certain degre , jj^^t no 

hence the action of the enzymes j joes not 

more acid is developed, puliefacti . 

gam entrance, the silage w e£^ develop depends 

little change The amount »' ^ .intent If 

largely on the kind of crop, esp y sufficient acid may 

the forage does not contain ‘="‘’"8'' ^ 8 ’ 

not be produced to prevent spoiling made into silage, 

rcursw^enle^mesandce^otor^^^ 

unless special methods are us^ t.mentaUon is shoivn m 
nonvolatile and at various s ges o Experiment 

Table XXIV, from results obtamed at the Wiscons l 

Station * 

TVBLE XXIV 

Lactic Kcid Content or the NoNTOuiUix Aan at ^ABIOCs St 

or pEOilENTATlON 

(CalcuUteJ lor lOO Grams of Dry Silage) 


Age of 
Silage 
(lajs 


Total 

^oa>oIaliIe 
Acid grams 
2 02o 

2 19» 

3 »79 
G 818 
7 980 


lactic 
Acid gram 
0 199 

0 oU 

1 8C8 
o 290 
G 117 


■\onlactic 
Acid grams 
1 820 
1 G81 
1 711 

1 o28 


Causes of Poor Silage Good silage should have a mild, p 
ant aroma an acid taste, and a slightly greenish color It sn 
be free from slumness and mold and have sufficient acid I P 
\ent further action of microor^msms Although ordinary g 
conditions will produce good silage, sometimes, for vanous r 

• Wuc Rei Bui 61 ( 192S) 
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Causes of Poor Silage 

sons, the silage may not keep satisfactorily, with its resulting 
loss Hay crop silage is more difficult to preserve than com or 
sorghum silage The causes of poor silages can be listed as 
follows 

1 Not Enough Acid When the forage which is ensiled does 
not develop sufficient acid to stop the fermentation, undesirable 
bacteria cause putrefaction or rotting Such bacteria produce 
enzymes that break down some of the protein, causing an off 
flavor and shmy silage 

2 Too Much Acid When forage crops with an exceptionally 
high sugar content, such as immature corn or sorghum is used, 
the acid may be so lugh that a sour, unpalatable silage may re 
suit Such silage is not only unpalatable, but when fed in large 
quantity causes cattle to scour 

3 Not Enough Moistobe When not enough moisture is m 
the forage, the silage will not pack well and more air than the 
bacteria can use up will be left in the silage This will result m 
a moldy silage Sometimes, when the forage is shghtly too dry, 
air pockets are left through the silage, wluch will result m occa 
sional batches of mold tliroughout the siJo, and occasionally air 
will be left in forage with hollow stems, causmg spoilage of the 
sihge Such crop should be packed with especial care so that 
all air will be pressed out 

4 Too Much Moisture When the forage contains too much 
moisture, the silage is likely to be too sour, and often at the bot 
tom of the silo will be several feet of sour, soggy, unpalatable sil 
age that the cattle will not eat Hay crop silages, especially those 
made of legumes, may not keep satisfactorily if the moisture is 
loo high Wilting the silage to reduce tlie moisture content 
often will result m good silage 

Methods Used to Insure Good Hay Crop Silages Little 
trouble is experienced in the preservation of corn or sorghum 
sihge when they are ensiled at proper time, since they contain 
du ample supply of sugar, xxhicU is quickly converted into lactic 
acid Such is not true with the grasses and legumes, which when 
used for silage, arc usually referred to as hay crop silages The 
chief reasons why special melliods are used to insure pro^Kr 
keeping of these crops are as follows 
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1 They may not contain enough sugar to produce sufficient 
acid to keep it from spoilmg or from havmg a strong undesuable 
odor 

2 The legumes are more alkalme than com or sorghum anci 
neutralize some of the acid that is produced 

3 The forage often is high m moisture content. 

Speaal methods consist of lowenng the moisture content, add- 
ing additional acid, or addmg material from which acid can be 
made, such as feeds high in sugar or starches The common 
methods are as follows 

1 Addition of Acms The Brst method proposed for the pres 
ervation of hay crop silage was the addition of dilute mmeral 
acids This patented method, using dilute HCl and HoSO* is 
known as the A I V method after its originator, A I Virtanen, of 
Finland, and is used extensively in Finland, Sweden, and other 
northern European countries It has never gamed great popu 
lanty m the Umted States, however, partly because of its de 
structive action on silo walls and silo filling equipment 

In the normal method of silage making, there is considerable 
destruction of food nutrients In the A.1V method this is 
avoided, by putting mto the silage various mixtures of mmeral 
acids so that the pH of the resulting silage shall be between 3 6 
and 4 In this method, often referred to as the cold process, only 
a hmited amount of fermentabon lakes place, but the crop is 
preserved satisfactorily and much of the carotene content of 
the green crop is retamed 

In this country, phosphonc aad has been used much more 
widely than the other acids, since it does not have as great a 
destrucbve action as the sbonger acids, and it mcreases the pbos 
phonis content and residual manunal value of the silage It will 
preserve the silage as well as the sbonger acids 

In feeding this silage, it is recommended that about 2 ounces 
per head per day of finely ground limestone or other calcium car- 
bonate compounds be fed m order to neubalize any excess of 
acid present- 

2. Addition of Molasses When the forage is low in sugar, 
additional sugar may be added so that the bacteria will have 
ample food and the fermentabon will proceed normally Mo- 
lasses IS the presen able that is most commonly used Black 
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strap, beet, corn, and citrus molasses are all suitable Com- 
mercial products contammg molasses absorbed on ground grains 
and various by-products are also satisfactory preservatives Mo- 
lasses improves the quaUty of these hay-crop silages both in 
quaUty and palatability. It is estimated that about 75 per cent 
of the food value of tlie molasses will remam in the silage 

3 Addition of Gbound Grain Ground grams such as corn 
meal, corn-and cob meal, ground barley, ground wheat, or otlier 
high carbohydrate grains may be added to the hay-crop silages 
to preserve them Such additions increase the percentage of dry 
matter m the silage, will supply starch that may be converted 
mto acids, and add to the palatability of the silage Much of the 
food value of these grams will be retained in the silage 

4 Wilting the Crop The wiltmg of the forage for 2 or 3 
hours in sunshine before ensilmg will usually result m a better 
silage than when it is not wilted The wilting will reduce the 
water content so that the sugar content per pound of forage is in- 
creased The amount of moisture m fresh forage cut at tlie 
proper time for silage is usually high, around 75 per cent or 
more Tins should be reduced to between 60 and 70 per cent 
(optimum, 65 to 68 per cent) If below 60 per cent moisture, 
there is not sufficient moisture and the silage may mold, if over 
70 per cent, the silage will not go through tlie normal fermenta- 
tion Usually, if the moisture is over 70 per cent, a considerable 
amount of juice will run out, carrying with it some nutrients and 
causing a foul odor around the silo The juice from the silage has 
a destructive action on the i\alls of silos The Dairy Division, 
United States Department of Agriculture,® reports results of 
Nanous combinations of acidity and moisture, for example, high 
moisture along with low acidity favors the production of butyric 
acid and the breakdown of proteins This gives an off flavored 
silage with an objectionable odor On the other hand, high 
moisture with high acidity, low moisture and low acidity, or low 
moisture with high acidity m silages may not cause objectionable 
odors or flaxors 

5 MisoiT-laneous Preservatives Several other kinds of pre- 
servatives for tlie keeping of ha> crop silages have been used 
successfully Good results have been reported from the use of 

• U S D A Leaflet No 233 and Farmers' Bui 578 
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liquid sulfur dioxide * The addition of sodium bisulfite f at the 
rate of 8 pounds per ton of the silage crop produced a very satis 
factory silage Dried whey has been used to supply fermentable 
carbohydrates Chopped hays, straws, and stover have been 
mixed with wet forage m order to reduce the moisture content 
to the desired level 

The use of bacterial cultures, the addition of urea, and the 
addition of 15 to JO pounds of salt per ton have been tried but 
have not gii en satisfactory results 
6 Mixing Hay Crops ivmi Corn or SoBCHUir Forage One 
way to msure the keeping of hay crop silage is to mix the crop 
with com or sorghum forage These contain sugar sufficient to 
induce the normal fermentation Such crops as soybeans or al 
falfa can be mixed with com or sorghum Equal parts of com 
forage and the legume \vill be satisfactory, but sorghum that con 
tains more sugar than com can be used m the proportion of 3 
parts of legume to 1 of sorghum 

CROPS FOR SILAGE 

A great many different crops are being used for silage Prac 
tically any forage crop that is desirable for pasture, hay, or fod 
der will make a desuable silage In fact, some crops that are 
not desirable as iiasture or cured feed have been reported used 
for sdage with satisfactory results Some plants that are bitter 
or produce off fla>or m milk it fed green or cured often appear to 
lose these qualities during the ensiling process Most weed 
seeds are destroyed by ensibng. To make good silage, however, 
good crops cut at the proper stage and put onto the sdo without 
losmg a part of their feedmg value by leaching or by loss of 
leaves must be used 

Com, Com is a standard and popular crop for silage in most 
dairy sections, since its yield in tons of forage per acre is high 
Since the com plant at tune of ensding is high in available 
sugars, so that normal fermentation takes place without the addi 
lion of any preservatives, the making of silage from com is easic» 

•1 DairySci 04 6, p 490(1951) 

( / Dairy Scl . 36 6 p 602-3 (1953) 
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than from grasses and legumes To male the best silage, the 
dry matter should not be lower than 27 or 28 per cent. 

Varieties The best silage com varieties are changmg fast 
with tlie development of hybrid varieties The work of vanous 
experiment stations mdicates that the variety that will yield the 
greatest amount of dry matter and mature to the late dough stage 
during a normal season is the best to grow Silage corn is planted 
thicker than com for grain, however, it should not be planted so 
tliick that it will not develop ears Varieties with good root 
systems and that will stand up well are especially necessary in 
view of present-day machinery 

Yield per Acre The amount of com silage that can be grown 
on an acre of land varies with the soil, climate, care, and the 
variety of corn From 6 to 20 tons can be grown to an acre 
For land yieldmg 50 to 75 bushels of com per acre the silage 
yield would be about 10 to 15 tons of silage 
Time to Harvest Several factors enter into the proper time 
to harvest com for silage. Table XXV, based on work done at 

T-VBLC XXV 

CUEMICAL CiLUSGES DOBING TUB GrOWTH OF THE COHN PLANT 
(Yield per Acre) 


Stage of Growth 



Tasseled, 

Silked, 

Milk, 

Glazed, 

Ripe, 


July JO, 

Aug 9, 

Aug 21, 

Sept 7, 

Sept 23 


pounds 

pouuds 

pounds 

pounds 

pounds 

Total j leld 

18,043 

25,745 

32,000 

32,295 

23,400 

\\ alcr 

10,4^6 

22,0CC 

27,9o7 

25,093 

20 542 

Drj matter 

1,019 

3,078 

4,&43 

7,202 

7 918 

Vsh 

133 91 

201 30 

232 15 

302 48 

304 23 

Mbummoids 

239 77 

4JC 70 

478 G9 

043 80 

077 78 

Crude 6ber 
Nitrogen free 

314 10 

872 03 

1,201 97 

1,7j5 85 

1,734 04 

extract 

0o3 01 

1,3J0 20 

2,441 29 

4,2J9 82 

4 827 00 

I'at 

72 20 

ICr 7o 

228 90 

2o9 99 

314 31 


tile New York Experiment Station,* gives tlie composition of the 
corn jilant m its dilferent stages It is best to harxest the com m 
• .\ 1 Exp Sta 8t/i Ann Rept 
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i advanced glazed stage. d ^“VlTat^s’ Ir^grten 
;s well developed and when most necessary to begin 

Where there is a large j erop m 

ensiling a litUe early to be able to get *^a t part^^^ 

before jt “ *“^'2 than r«k its being frosted 

OTteMining too npe, because of the ““ 5 *° J Departi^o* 

tent Experiments earned on by the Un^tat« 

of Agnculture have shown that Mm eosil 

ner Mnt green resulted m a silage containing 11 ^he time 

considerable leakage of moisture, green 

the food nutnents ft may also become aend if ^nled ‘o ^ 
and may not be as palatable as more mature com It m y 

laxative when fed m large quanbbes ^rvness. 

It IS not wise to let the com mature to the point of dryn 
however, even though it m mature and 
^ a,1.,1 It can be preserved satisfactorily but will be lo 

“co°™ Stoveh. If, as occasionally happens suffici^ space « 
not available at silo filbng tune for all the com crop ‘'“I 
desuable to put m the silo, the com stover “n ^ 

Stover silage has the advantage of being more palatab 
stoc er. It prevents the loss of much of the stover and is 
convenient to feed The sUlks of the stover are put in the 
in the same way as the green com. but m order to pte 
large quantities of water must be added The amount 
added must be at least equal in weight to the stover, and 
added by turning a hose mto the blower or by running v 
dueclly into the silo It should be borne m mind ttot 
ears have been removed it is not equal to com silage m 

Sunflowers Sunflowers have been used successfully for 
m regions of short growing seasons and cool nights where co 
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cannot be grown so successfully. In such regions their yield is a 
little higher than tliat of corn but tliey are not quite so high in 
nutritive value nor are they as palatable 

They are planted in rows and can be harvested m tlie same 
way as com. Table XXVI from tlie West Virginia Experiment 
Station * gives the analysis of sunflowers at different stages. 

TABLE XX\T 

Analxsis of Sunflowers at Different Stages of ISIaturity 


Carbobj' 


Stage 

Moisture, 

Ash, 

Protein, 

Fnt, 

Fiber, 

drates, 

Analyzed 

per cent 

per cent 

per cent 

per cent 

per 

cent 

per cent 

Bud stage 

80 7j 

1 53 

1 41 

0 S3 

5 

48 

15 76 

Full blossom 

86 6!) 

1 59 

1 21 

0 50 

3 

00 

10 01 

Petals dropping 

83 97 

1 78 

1 12 

0 66 

5 

56 

12 47 

Dough stage 

83 34 

1 CO 

1 10 

1 06 

4 

00 

12 81 

Mature 

84 26 

1 74 

1 61 

1 36 

4 

75 

11 03 

Silage 

70 20 

2 33 

1 86 

1 18 

7 

48 

18 43 


At die West Virginia Station \ die average yield for 3 years 
was 13 85 tons of green material and 2 08 tons of air-dry mate- 
rial per acre, as compared with 11 79 tons green material and 2 91 
tons of air dry material per acre for a large variety of corn and 
8 98 tons of green material and 2 57 tons of air-dry material per 
acre for a small variety. There is no advantage in growing sun- 
flowers for silage where com will produce good yields 
Sorghum Sorghum makes good silage when put in the silo 
at the proper time The sweet sorghums are better for silage 
than the gram sorghum, although the taller grain sorghums, 
especially kafir, are used successfully Sorghum yields better 
dian corn in the deep South and in the drier parts of the Mid- 
West Sorghum silage is not as efficient as com silage for the 
production of milk It should be cut m the dough stage If it 
IS cut too early the silage will be sour and unpalatable On the 
other hand, it should not be cut too late, as many of the matured 
grains will pass through the cow undigested 

Grasses and Legumes. Grasses and legumes will be considered 
together here under the term hay crop silage, which is used to- 
MV Va Exp Sta C,rc 32 
Va Exp Sta Bui 204 
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day to include silage made from grasses, legumes, small grains, or 
from any combmalion of these crops Methods used m tlie 
proper ensiling of these crops were discussed in the earlier part 
of dns chapter 

Most of the research work on grass silage has been done since 
1930, and before that \eiy little had been used An increase m 
the growing of grass and legumes and a decrease in land planted 
to rmv crops has been fostered by many of the agricultural 
agencies As a result, there are now many farms and a few large 
areas that are on a stnctly grassland program with hay crop 
silage playing an important role 

Crops It would be impossible to list all the crops that are 
suitable for making into hay-crop silage that may be grown 
withm the United States The most important ones are all 
grasses, alfalfa, red clover, ladtno clover, sweet clover, enmson 
clover, lespedeza, soybeans, covvpeas, peas, pea vine, vetch, 
wheat, oats, barley, rye, Sudan, excess pasture, and a mwture of 
any grasses and legumes Many other crops of lesser impor 
tance have been successfully used 
TisiB TO Harvest The crop material is at its best for ensiling 
at the same penod that it should be cut for hay The best tune 
for cutting grasses is just before heading The legumes are 
ready when in one tenth bloom, soybeans when the pods have 
formed and begin to and small grains m the early mdk 
stage At these stages they contain the maximum milk produc- 
ing nutnents, are lower in undigestible fiber, and are most 
palatable 

Composition asv Feeding Valce The amount of dry matter 
m hay crop silages depends greatly upon whether and how much 
the crop has been wilted and also upon the maturity of the crop 
at tune of ensilaging. On the average, sdage will contain about 
one third as much dry matter as does hay, in other words, 3 
pounds of silage will on the average equal 1 pound of bay 

Hay crop silage is lower in total digestible nutnents and net 
energy than is good com sdage with the same amount of dry 
matter, but is higher m protein, minerals, and carotene Because 
of its higher protein content, less protein is needed in the gram 
mixture The higher carotene content is valuable in supplying 



197 


Crops for Silage 

the needed vitamin A for growth, reproduction, and health, and 
to msure a milk rich in vitamin A and carotene Hay-crop silage 
does not contain as much vitamin D as does field-cured hay 
Green forage plants do not contain vitamin D but do contain its 
precursor, ergosterol, which may be changed to vitamin D dur- 
ing field curing when the hay is exposed to the sun 

Hay crop silage as a rule is not as palatable as com silage 
Cows eat it readily after they become accustomed to it, but they 
do not usually relish it as much as corn silage However, it is an 
excellent feed Best results are obtained when it is fed m 
combination with hay rather than as the sole roughage Cows 
may have difiiculty in securing sufficient dry matter for maxi- 
mum milk production when fed hay crop silage alone It is 
usually best to feed at least 4 to 6 pounds of hay per day with 
the silage Even growing heifers will do better when a little hay 
IS given along with tlie hay crop silage Hay crop silage is an 
excellent summer supplement Table XXVII gives the composi- 
tion and otlier nutrient data ® of various feeds 
Yields The yield per acre of hay-crop silage is not usually as 
great as tliat of corn, but if the soil is well fertilized excellent 
yields may be obtained On some farms grassland farming is be- 
ing practiced exclusively, with no row crops being grown On 
many farms where row crops are no longer grown and the fertil- 
ity of the land as a whole has improved, the total carrying ca- 
pacity of the farm has increased under tlie grassland system 
The yields of silage for the different crops can be estimated 
by multiplying the expected yield of hay by 3 If an alfalfa 
field would produce 4 tons of hay per acre durmg the year, it 
should furnish about 12 tons of silage 
Miscellaneous Feeds fob Siiace Numerous feed materials 
are occasionally used for silage with satisfactory results Some of 
these feeds are apple pomace, cull apples, potatoes, beet pulp, 
and cannery refuse If too high m moisture, like cull apples and 
potatoes, for example, they should be put into the silo with dry 
hay or some material that will absorb the excess moisture 
^USDJi Fanners" Bui 578 (1941) 
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HARVESTING THE SILAGE AND FILLING THE SILO 

The past several years have brought about many changes in the 
equipment for handling the silage crop and in the amount of hand 
labor required. Present-day silage-making machinery not only 
requires much less labor but also can eliminate entirely the han- 
dling of the crop by hand. 



Fig. 19. A field harvester for chopping silage or hay in the field (V.P.f ). 


The Field-Chopper Metliod. The field-chopper or forage har- 
vester will chop the crop eitlier standing or when it is in the 
windrow. Com is usually cut from the row, but liay-crop silage 
crops can be cut either from the standing crop or from the wind- 
row. The chopper blows the cut material into a tmck or trailer. 
A dump truck may be used or the truck or trailer can be equipped 
with an automatic unloading device, such as an endless belt of 
canvas or a false bottom. Either of these will unload by the use 
of power at the silo. The trucks or trailers are unloaded directly 
into tlie hopper of the silage blower or forage elevator which, in 
turn, blows or elevates the material into the silo. The crop 




Mafang and Feeing Silage 

should be cut uito smaU pieces not over ' “t 

even one fourth inch is belter for hay crops since it wu P 

better at the shorter length where the m 

The Silage Cutter Method On smaller farm , 

vestment ui machinery mustbeUpttoammnnum.alesj^^^^^^ 

ized system is used The com can be cut by hauled to 

by hand It is then loaded on a wagon or J^i the 

the silage cutter at the silo Grass crops can 
regular haying equipment to get it to the silage 
ter chops tlie matenal and blows it into the silo nrocess 

Danger of Carbon Dioxide Donng die fermentabon proces 
carbon dioxide is given off This gas is dangerous ^ ^ 

heavy gas ,t does not pass out if the doors are closed for som 
distl^ce above the sdage Care should 
mg the filling penod when the machme has not been 
for some time, not to enter the silo until the blower has driven 

off the dangerous gas , ipcumes 

Adding Preservatives Preservatives for grasses and 
may he added m various ways Most silage cotteis 
especially for hay crops have a suction attachment *at d 
molasses out of a barrel on the ground A J j 

rigged with a lung hose and pump the molasses slightly dilu . 
into the silo The barrel can be placed on a platform to et the 
molasses nin on to the forage at the cutter Acid sho 
pumped so as to keep it from contact with the silage oquipmen 
Com and cob meal or other ground grams can be added o 
green matenal at the cutter This can be done by hand or vvi 
hopper The amount of preservaU\es to use is gi\en in 

Wiltmg To insure the making of good quality ha> wop silage 
without the use of preser\ali>cs, the crop may be wilte o 
duce the moisture content The length of time required or su 
cient wilting depends on the maturity of the crop, the mois u 
m the soil underneath the crop, the humidity, and the ^ns im ^ 
It maj Nary from less than an hour to several hours On go® 
dr>mg da>s most crops will wilt suffiaently in 2 to 3 hours un 
less the material is especially heavy and green A home ma 
tester has been dev eloped for determining the moisture con en 
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TABLE XXVm 


TiiE A-MOtrsr of Preservatives REcoitMEVDEo for Use ox Various 
Crops, per Tox op the Pouage 


Tj’pe of 
Preservative 
Slolasses, per ton 
75 per cent pliosplionc 
acid, per ton 
Ground grams, per ton 


Grasses 

Mixed 

Grasses 

and 

and 

Cereals, 

Legumes, 

pounds 

pounds 

40 

CO 

8 

10 

75 

100 


Alfalfa or 

Soj- 

Clover, 

beans, 

pounds 

pounds 

80 

100 

14 

IG 

125 

150 


of hay crop silage,® but it requires some time to operate and is 
not generally used 

The farmer can learn to tell when tlie crop has wilted suffi- 
ciently, m the same manner tliat he leama when the crop is dry 
enougli to be put into the bam as hay When tlie wilted material 
is twisted with the hands it should show evidence of containing 
moisture but not show free moisture When the forage is 
chopped, it can be tested by squeezing it in tlie hand, if it is too 
wet it will retain its shape after being released and if too dry it 
Will fall apart at once, but when it is the correct stage it will fall 
apart slowly 


SEALING THE TOP LAYER OF SILAGE 

One of the greatest losses of nutneiits in silage is in the spoil- 
age on the top of tlie silo Vanous means have been used to 
reduce this loss The last few loads may be of less valuable 
material, for example, if they are com, the ears can be removed 
A few loads of very wet material helps to pack it mto a tight 
mass and exclude most of the air A covering of heavy paper 
with sawdust or other material blown on top and kept wet will 
reduce spoilage A plastic silo cap is on the market which covers 
the top, and then a large tube filled witli water is laid around the 
edge to hold it tightly in place This has proved very successful 
^ USD A Leaflet 238 
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Oats or other grams are sometunes sown on fop which on groiv 
ing form a dense mat which helps to keep the air out 

TYPES OF SILOS 

Many types of silos and of silo butidmg matenals are available 
most of which will prove satisfactory as far as keepmg the silage 
IS concerned The cost and durabihty of the various kinds differ 
considerably 

Upright Silo The upright silo is the conventional silo It 
may be constructed from wooden staves monolithic concrete 
concrete staves tile bnck, or metal Most of the tile and part 
of the concrete staves used are hollow offering the advantage 
in cold climate of less freezing of the silage With the develop 
ment of new alloys and matenals to coat the inside of metal 
silos they are becoming quite popular 
An airtight silo offers some possibilities of reducing loss by 
spoilage When it is filled the top is sealed Fermentation uses 
up the oxygen inside it and replaces it with carbon dioxide No 
oxygen is left for spoilage It is equipped with a power mecha 
nism for removing the sdage from the bottom The inside is 
coated with glass which is smooth and allows the silage to slide 
down as sdage is removed from the bottom 
Temporal^ silos may be constructed from many materials 
One type is very commonly made by usmg snow fence hned 
with a heavy paper such as Sisal kraft paper These silos are 
quite satisfactory for temporary use The Silage loss is usually 
greater than with the standard silo This u because their height 
cannot be greater than their diameter which results m more sur 
face loss 

Trench Silo The trench silo has become popular m many 
sections of the country esiwcially where dairying is new The) 
are inexpensive to construct Silage keeps well m them The) 
are easy to fill The packing may be done with a tractor The 
use of the trench silo should be increased where the conventional 
silo IS not av ailable This also offers a method of preserv ing an 
extra amount of silage dunng a good crop year and holding it 
for a poorer crop )ear 
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SIZE OF SILOS 

The capacity of silos is dependent upon its diameter and 
heiglit and also upon the kind of forage that is put m, especially 
as to its moisture content The weight per cubic foot will vary 
from 30 to 40 pounds for a trench silo and from 45 to 50 pounds 
for a tall upright silo Table G, in tlie appendix, prepared by 
tlie United States Department of Agriculture,® lists tlie capacity 
of silos of various diameteis and heights, and tlie weight per 
cubic foot of settled silage in silos of various heights 
The amount of silage needed per cow per year will vary from 
2 tons or less to 6 tons or more, depending on the amount of hay 
and pasture tliat is available Table XXIX gives tlie tonnage of 
silage and the size of silo needed for different size herds when 
fed at various rates per day t 

It IS important tiiat the diameter of the silo is not more than 
Will permit at least 2 inches of silage to be fed off per day m 
wmter or 3 inches per day in warm weather, otherwise, consider- 
able spoilage will result The diameter of the silo would there- 
fore depend upon the number of cows to be fed from it, the 
height, and the length of the feeding period 


FEEDING THE SILAGE 

Silage and other succulent feeds are excellent for dairy cows, 
especially because of their palatabihty and slightly laxative effect 
For these reasons cows will consume large amounts of nutrients 
without any harmful effects, and will as a consequence produce 
more milk than when fed feeds less palatable Succulent feeds 
however, are not absolutely necessary for high production 
When cows are fed a good legume hay, with some other good 
hay for variety, and are given access to an abundant supply of 
water, they will produce just as much milk as when fed silage 
If tlie roughage is not of the best quality, however, cows will 
usually milk better when silage is mcluded in the ration 

^ US DA Circ 603 

1 U S D A Farmers’ Bui 578 
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TABLE XXIX 

SI2B or Sino RwcmoD roa DirreBEvr-SizED Hebd= IVbei. Fed at 
V tni nctt R^TES 



. ,.l 

For a ^Yinter Feeding 1 
Penod of 200 Days 1 

Kumber 1 
of AcunaU 1 

Fed per j 
\mmal 1 
Daily, 1 
pounchi 1 

Total 

Amount 

Needed. 

Ions 

Diameter 
and Height 
>f Silo, inside 
measure* 
ments, feet 



15 

8 by 18 



20 




25 

8 by 20 



20 




30 

10 by 22 

10 1 

40 1 

40 

10 by 28 

10 by 32 1 

10 1 


uO \ 

12 by 24 > 



1 ^ 

10 by 28 

20 1 

30 1 

CO 

12 by 28 

20 1 


M \ 

1 14 by 23 1 

20 

SO 

1 100 

14 by 31 



1 GO 

12 by 28 

30 

30 

00 

14 by 40 

SO 



1C by 32 

so 

SO 

luO 

lebySS 

40 

1 20 

so { 

14 by 28 

40 

30 


16 by 32 

40 

40 

ICO 

16 by 40 

40 

1 SO 


( 18 by 40 

M 

20 

100 

14 by 34 

M 

j 30 

ISO 

16 by 33 

SO 



1 18 by 40 

SO 

1 SO 

2M 

18 by 48 


jror a ciiuiiA>ci ^ — 

Penod of 100 Dajs 


Total 

Amount 


Diameter 

and Height 
of Sdo, inside 
iDcasure- 
ments, feet 


8 b> 18 t 
8 b} t 
8 by 28 
8 b> 22 t 
10 b> 22 t 
10 b> 28 
10 b> 82 
12 by 21 
10 b> 22 t 
10 b> 30 
12 by 23 
12 b} 31 
10 by 28 
12 by 23 

12 by 30 

14 by 28 
14 by 31 
10 by 32 
12 by 21 

12 by 31 
14 by 31 
14 by 40 
10 by 32 


• \ iilo Hut would LoM only lOloMor less would be too 

t Too kliiUow to permit 3 tnebea to l»e remcned da3y Bemo'al 
■ikIit* dally IS not pracUcable fur suauner feeding. 
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The amount of silage fed to cows depends upon the amount 
available and also upon tlie size of the cow» usually it ranges be- 
tween 20 and 40 pounds The general rule is to feed it at the rate 
of 3 pounds of silage and 1Y> pounds of hay for each 100 pounds 
of hve weight Experunents have shown that 3 pounds of silage 
can be substituted for 1 pound of hay and fed with about equal 
results If a limited amount of silage is available, the quantity 
can be cut in half and the hay increased without affecting milk 
production Silage can be fed as the sole roughage, provided that 
sufficient protein and minerals are given in the gram mixture 
Cows will consume up to 6 or 8 pounds per 100 pounds hve 
weight when fed in this way. 

CONSTRUCTION OF SILOS 

One of tlie most common mistakes m the building of silos is 
to give them overlarge diameters, which make it impossible to 
feed the silage fast enough to keep it from spoiling Each day, 
2 to 3 inches should be removed from the surface of the whole 
silo in order to preserve tlie silage A further advantage of a 
silo with a small diameter and a greater height is that the silage 
will be more compressed and less air will be admitted If small 
quantities of silage are needed for supplementary feeding, as, 
for instance, for late summer feeding, 'it is well to provide a 
separate and smaller silo 

Walls In the buildmg of a silo, tlie first essential is a tight 
wall tliat will exclude air and moisture and at tlie same time not 
absorb moisture from the silage When the moisture is taken up 
by the wall the absence of water from the outer layer of the silage 
makes the proper fermentation impossible, and molding takes 
place Silos built of stone or porous cement should either be 
washed with a cement on die inside or given a treatment of tar 
or some sort of waterproofing material 

It IS necessary also that the walls smooth, with no ledges 
or projecbons Wherever there is a ledge, settling does not take 
place uniformly and air enters, causmg the silage to spoil 

A further essential of the wall is that it be strong enough to 
witlistand the pressure of the silage It should also be durable 
enough to last for some years 
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The hay-crop silages with high moisture content exert a greater 
lateral pressure than does com silage or hay-crop sdage of normal 
moisture composition. Usually* extra reinforcement is added to 
the lower part of the silo when hay-crop silages are to be stored. 

Foundation and Floor. The foundation should be constructed 
of concrete. Usually there is no floor put in the silo. The 
ground will absorb some of the excess moisture and the silage 
will keep better m the bottom of the silo than when it has a tight 
floor. It IS desuable to provide a dram m the bottom of the silo. 

Roof. A roof IS desirable but not absolutely necesary. It pre- 
vents snow and ram from entenng the silo These, especially the 
snow, often make the silage unpleasant to handle. A roof also 
reduces the freezing to some extent. 

Doors. The door of the silo should be airtight and flush on 
the mside. Properly fittmg doors are one of the essentials of a 
good silo. If the doors do not fit tightly air will get m and spoil- 
ing will result. 

Shape. Practically the only silos now m use are round. They 
are built m this form because in a square silo the comers are 
difficult to fill Besides, the round sdo is stronger. 

Removal of Silage. The silage is usually thrown from the silo 
by hand A cart that fits under the chute ^vlll save an extra 
handlmg of the silage. Silo unloaders are on the market that 
are reported to work satisfactorily. Also, as with the airtight sdo, 
a conve> or at the bottom unloads it mechanically. 

Moving Sdage to Manger. The silage cart is the standard 
means of moving sdage from the sdo to the manger A 
farmers have budt conveyors from the sdo chute to mangers or 
feed bunks which distribute the silage without hand labor. 

Precautions in Feeding Silage. When cows are first fed sdage 
after not receiving it for a whde, some of the flavor may be ear- 
ned over m the mdk. This is especially true if it is fed just be- 
fore or dunng mdking Sdage fed after mdkmg will seldom pro- 
duce any off flavor in the mdk 

Spoiled sdage should not be fed. Although cows are not as 
•iensitive to moldy and other types of spoiled feed as are some 
Ollier animals, there is danger of causing digestive disturbances 
Tlie feeding of sdage before the fermentation process is complete 
w dl sometimes cause cows to go off feed Frozen sdage should 
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be thawed before being fed Good silage is one of our best 
milk-producing feeds Use it wisely. 
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High quality hay is leafy, green m color, soft and pliable, free 
from mustiness, and is palatable The importance of good hay 
for winter feeding can hardly be overestimated Dairy cows, 
with their large feed capacity, are capable of consummg large 
quantities of rough feed, and their digestive systems are specially 
adapted to the digestion of such feeds Hay can be easily groivn 
on most farms in the United States and hence is a very economi 
cal feed, smce homegrown feeds are usually much cheaper than 
purchased feeds Pasture makes an ideal feed for dairy cows 
during the summer, but some of the forage crops must be dned 
for use during the winter when pasture is not available. If well 
cured and preserved, they make one of the most economical 
feeds that are available at that time Hay can be fed m con- 
junction With silage and gram or alone with gram Occasionally, 
It IS fed as the sole feed, but dairy cows cannot consume a suffi- 
cient quantity of hay alone for maximum milk production 

Kmds of Hays Hays are divided into two groups namely, 
legume and nonlegume Although legume hays are generally 
superior to the nonlegumes m the amount of protein, m the 
mineral and vitamin content, and m palatability, this difference 
may not always exist, smce a great deal depends upon the soil on 
which the hays are grown A grass hay, for mstance, gro%vn upon 
a sod that is nch in nitrogen, lime, and phosphorus, cut early, 
and well cured, may be superior m many respects to a legume 
hay not so well grown and cured The fact that a hay is legume 
IS not alwajs a sign that it is a good hay Other factors must be 
considered to determine the difference between good hay and 
poor liay, such as time of cuttmg, cunng, stormg, and the kind 
of soil upon which it is growm 

203 
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Legume Ha^s Good legume hay has many characteristics 
that make it of special value for dairy cattle Some of them are 
as follows 

1 With the exception of corn silage, legume hay will produce 
more digestible nutrients on a given area than any other crop 
This IS especially true of alfalfa, which will yield two or tliree 
crops during the season Other legumes yield heavily but not 
so much as alfalfa 

2 More digestible protein can be grown on an acre with 
legume hay than with other common crops This is especially 
important because of the fact that most of the other homegrown 
feeds are comparatively low in protein Since the nonlegumes 
and cereal grains are low m protein, legumes are an excellent 
supplement to them Furthermore, the protein of legumes is of 
excellent quality Heifers will grow normally when all the pro- 
tein comes from the alfalfa plant 

3 Well cured legume hays are higher m the vitamins necessary 
in the nutrition of dairy cattle tlian any other of the common 
feeds They are particularly nch in carotene, the precursor of 
vitamin A, and may contain considerable vitamin D They are 
also a rich source of vitamins E and G Nonlegume hays, when 
well cured, and corn silage may also contain considerable amounts 
of these vitamins, but the cereal grains are low in them 

4 The legume hays are especially rich in calcium In fact, 
the dairy cow must depend largely on the legume for her calcium 
supply, as tl\e uoulegucue Kays, silage, and grams ate all low in 
this element The legume hays are only moderately nch in 
phosphorus, the amount depending upon the amount in tlie soil 
upon which they are grown They are usually considered a fair 
source of this element 

5 Good legume hay is palatable, adds the necessary bulk, and 
has a good physiological effect upon the digestive system of the 
cow With the possible exception of silage, no winter roughage 
is better liked than good legume hay 

6 Legume hay is easily grown, requires no cultivation, and 
keeps the ground covered, thus preventing erosion better than 
the cultivated crops Alfalfa hay continues for several years 
with one seeding Sometimes, there is difficulty m getting a good 
stand of alfalfa as the soil must be especially prepared for such 
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a crop, well dramed, and not too acid Soybeans and some of 
the other legumes will grow on soil where the acidity gh 
than IS required for growing alfalfa. , „ ^ are 

The pnncipal legume hays grown in the Umted States 
alfalfa, clover (red, mammoth red, alsike, “ 

sweet), soybean, cowpea, peanut, and lespedeza. These crops 
have been discussed in a previous chapter 

No-vLecume Hays Grass hays, such as timothy, redtop, blu 
grass, brome grass, Sudan grass, and sorghum, ^ usuaUy n 
as good feeds for dany cattle as the legumes They ate, as 
rule, less palatable, and eontam less protem, nunetal matter, an 
vitamms than the legume hays However, if they are hnrvesteO 
early and are properly cured, they may be equal to legume h y 
m palatabdity, and Iheir protem content may be ™ 

that of ordinary legume hay If the soil upon w^ch they 
g^o^vn has been fertihzed with a high nitrogen fertilizer, the pro- 
tein content wdl be greatly increased „ . j 

Grass hays have been popular m most of the Umted btat , 
even though legume hay have many advantages over them 
The reason for this is the ease with which they can be grown 


Crain Hays Considerable hay is made with the small cereals, 
such as oats, barley, wheat, and rye These make fair hay i cu 
earl) when the gram is m the early milk stage, and compare verv 
favorably with the grass hays They are low m protem 
minerals, however, and are adapted more for an emergency nav 
crop than for a regular hay crop 

\Il\ed Hays Many farmers grow a legume hay and a non 
legume hay m combmabon, calbng it mixed hay Some of tbe 
most common mixed hays are dover and timothy, alfalfa an 
timothy, so> beans and Sudan grass, oats and peas, and oats an 
\etch- Any other combination m which a legume and a non 
legume is grown would be called a mixed hay The compoybon 
of such hay will depend upon the proportion of each kind of > 
which it contains It is usually cut early, and hence the non 
legumes are higher m protem than when cut at the ordinary time 
Tlie practice of growing mixed hay is to be recommended w 
difficulty IS expenenced in getting a stand of legume hay 
can be made into high-quality hay 
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Grades of Hay Good, well cured hay makes an excellent 
feed for dairy cattle, but much of tlie hay produced m tlie United 
States cannot be classified as good hay As a consequence it does 
not make as good feed as if it xvere well cured This poor hay 
IS due in part to cutting when the hay is too ripe, in part to un 
favorable weather conditions at the time of cutting, and to im- 
proper curing, harvesting, and storage Furthermore, the real 
difference between good hay and poor hay was not fully under 
stood in the past The Deportment of Agriculture ® Ins set up 
grades on hays which have done much to educate the producers 
of hay to the desirable factors 

Hays for which there are standards are divided into eleven 
groups as follows Group I alfalfa and alfalfa mixed hay Group 
H timothy and clover hay Group III prairie hay Group IV 
Johnson and Johnson mixed hay Group V gram, wild oat, 
vetch, and gram mixed hay Group VI lespedeza and lespedeza 
mixed hay Group VII soybean and soybean mixed hay 
Group VIII cowpea and cowpea muted hay Group IX peanut 
and peanut mixed hay Group X grass hay Group XI mixed 
hay 

The grades of alfalfa and alfalfa mixed hay depend upon the 
leafiness, percentage of green color and maximum percentage of 
foreign matter The grades of limotliy and clover depend on 
green color and maximum percentage of foreign material Grades 
for the other groups have been worked out in a similar manner 
The standard grade requirements for alfalfa and alfalfa mixed 
hay and for timothy and clover hay are stated in Table XXX 
Because of tins grading, much of the hay is now being purchased 
upon grade and as a result the quality of hay has been improved 

Effects of Curing on Quality of Hay Hay should be cured 
m such a way as to preserve the leaves and tlie green color 
^^nd dnve out suflScient moisture so that it will keep well in 
storage 

Importance of Leaves The leaves on some of the hay crops, 
such as alfalfa soybeans, and otlier legumes, are very important 
In the alfalfa plant the leaves make up about 47 per cent of the 
crop but their protein content is 141 per cent higher than that in 

* U S D A Handbook of Official Hay and Straw Standards ( 19-i9) 
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TVBLE XXX 

Grade REQUIBE1IE^'TS for Ai-falta, Alfalfa "Mixed, axd TiiJoriit 
AND Clover Hay 

Maximum 

Percentage 

Lea&nesa Percentage of of Foreign 

of iVlfalfa Green Color Material 


and 


u s 

Alfalfa- 

ilixed. 

Alfalfa 

and 

Timothy 

Alfalfa 

and 

Timolbj 

Grade 

per cent 

Alfalfa 

and 

Alfalfa 

and 

Number 

leaves 

Mued 

Clover 

3ilixed 

Clov er 

1 

40 or more 

GO or more 

40 or more 

5 

10 

2 

25 or more 

35 or more 

30 or more 

10 

15 

3 

10 or more 

10 or more 

10 or more 

15 

20 


Uie stems Twenty eight pounds of alfalfa leaves contain as 
much protein as 100 pounds of stems The leaves of alfalfa are 
also much higher m calcium and m vitamins than the stems, and 
they are much more palatable Gnzzard * found that the leaves 
of alfalfa were almost 3 times as high in calcium and IH tunes 
as high in phosphorus as the stems Snell i has given the chemi 
cal analyses of the stems and leaves of soybean hay as shown m 
Table 30051 From this table it can be seen that more than half 
of soybean plant is m the leaves and that it contains very much 

TABLE XXXI 

< CUEMICAL COSIPOSITIOV OF TwO SaSIPLES OF SOYBEAN HaT 


Leai 

•C3 

Stems 

Sample 1, 
per cent 

Sample 2. 
per cent 

Sample 1, Sample 2, 

per cent per cent 


Part of plant 

oo 39 

G4 02 

44 ei 

35 98 

Crude protein 

19 37 

21 07 

o 18 

7 33 

Ether extract 

3 4S 

2 38 

0 87 

0 76 

N free extract 

35 34 

So 37 

28 22 

20 ol 

Crude fiber 

22 11 

21 83 

49 04 

49 18 

Ash 

9 47 

9 80 

5 40 

o 88 

IN ater 

10 00 

10 00 

10 00 

10 00 

• J Am Soc Agran , 27 81 

1 La Agr Exp Sla Bui 257 
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more than half of the food value, being higher m protein, ether 
extract, nitrogen free extract, and minerals The stems are much 
higher m crude fiber. 

Unless care is taken in curing these crops much shattering 
will result, and many of the leaves will be broken off In this 
way a considerable part of the protein, ether extract, nitrogen-free 
extract, and ash will be lost, and the resulting hay will be con- 
siderably lessened in food value 

Importance of Greenness The green color of tlie leaves indi- 
cates tlie amount of carotene, tlie precursor of vitamm A, tliat is 
present The importance of this element, not only for the nutri- 
tion of the animal but also for its value m the milk produced 
by dairy cows, has already been mentioned Carotene is easily 
oxidized, probably as the result of an enzymatic ijrocess not 
caused by the sunlight but affected by it in an indirect way by 
producing temperatures which accelerate enzymatic action The 
Department of Agriculture has calculated the carotene content 
of various feeds, includmg tlie different grades of alfalfa hay 
and timothy hay, as shown m Table XXXII It can be seen by 

TrVBLC xxxn 


The Carotene Content 

OF Alfalfa and TiaioTHi* Ha\ * 


Deter 


Carotene per Gram 


mma- 


‘ 

of Dry Matter 


tioa 

Water, 





Num- 

per 

High 

Low 

Average 

Feed 

ber 

cent 

Gamma 

Gamma 

Gamma 

Fresh green alfalfa 

5 

79 6 

412 0 

2G7 0 

326 0 

P s No 1 aUalfa hay 

G 

8 6 

117 1 

33 G 

CO G 

y S No 2 alfalfa hay 

o 

8 G 

16 3 

13 7 

lo 0 

y S No 3 alfalfa hay 

2 

8 C 

12 4 

1 0 

6 7 

y S No 1 timothy hay 

3 

11 6 

24 5 

9 0 

18 9 

y S No 2 timothy hay 

1 

11 G 

8 0 

8 0 

8 0 

S No 3 timothy hay 

3 

11 G 

10 7 

1 G 

6 1 


* U S D A Yearbook of Agriculture (193j) 


this table that there is considerable loss of carotene in the curing 
of hay, even under good conditions, but, with the exception of 
Pasture and green feeds, well cured hays are the best source of 
this compound It must be realized, however, that both hay and 
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n.w-t In "mat %-anations m then carotene contenL 

a ae 

madiauon of the animal heraclf veath the 
Ws rais, n about the onl> natural source 

,l,l„ lo the exuv The anUiachinc potcncs of dnctl rouaua^ 
deperals upon the intensity of the sunlight, the length of eiposuxc. 
and die amount of ergoslerol m the ^t. 

1 , has been sbosen • that ha) cured anas from *e su^ 
contains no appreemble amount of s.tamin D. but 
to the sunbgbt for some time may desclop considerable 
rachme potency Esen sun-cured timodiy 1^ betm ound 
contam oinsiderahle srtaimn D Tun pounds per das of s 
has ss-iU present niets m grossing calses until thes aro a 
1 sear of age The legume hass arc usualls considered Den 
sources of tlus ^^ta^un than the nonlcsumc ba> s , 

In a stu(i\ \ at the Bureau of Dairv Industry farm, 
alfalfa hav that had not been ejcposcd to the sun uas 
calces until the> Nscre 8 months of age The cal\es \scre kep 
m a darVeaed bam, ho%se\er, the haN contained sufficient \^taInln 
D to protect the cal\es from ncUts It is behe\ed that an 
Mtamin D in frcsh-cut ha> comes from the dead lea\es ^ 
stems and the leaics that ha\e >eUcrv\ed. 

Since the citamm D potenev of ha\ depends upon its expo^^ 
to sunlight, and since the sunlight seems to accelerate the ^ 
struction of the carotene m ha\, it can be seen that it is a cu® 
cult process to cure and handle ha\ m such a Ma\ as to obtain 
the maximum amount of both these factors Long exposiiro 
sun has other deleterious results, such as loss of leaves 
the quabtv and carotene content of the hav is usuallv mven trs 
consideration m the cuneg of hav 

Effect of Soil on Quality of Haj That the sod has ^ 
ux>oii the hav grown on it has been full> demonstrated-! 
fact, some sods are so deficient m certain minerals such as 


• J Agr Retecrch 46 235 
\ Rep Chief BDJ VSDJL{l9i9) 
t J Am Soe Agron 27 SI 
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cium and phosphorus, that the herbage grown upon it will not 
support nonnal well-being in dairy cattle Alfalfa grown on soils 
low in phosphorus will be low in tliat element Grass hays will 
be affected also by the amount of calcium and phosphorus in the 
soil The amount of protein in hays can be materially increased 
by adding a nitrogen-containing fertilizer to the soil High-qual- 
ity hay can be produced, then, only upon soils that are rich in 
available minerals 

Time of Cutting. One of the common mistakes m making hay 
IS to let the hay become too ripe before cutting Play cut early 
IS higher in protein, is lower in crude fiber, contains more of the 
vitamins, is more palatable, and will shatter less than that allowed 
to become ripe 

It is usually recommended that alfalfa hay should be cut when 
it IS one-tenth in bloom, after which time the protem decreases 
and the crude fiber increases It is wise not to cut when too 
young lest the stand be weakened Clover hay should be cut 
when it IS one-fourth in bloom The total yield may increase after 
this, but the protem content decreases, as do the digestibility and 

palatability 

Soybeans are best fitted for hay when the pods begin to fill 
If the crop is cut earlier the percentage of protein is higher, but 
the total yield is not so large and the difficulty of curing is much 
§reater If cutting is delayed beyond this, the stems become hard 
and woody, and many of the leaves are lost 
Timothy is too often left until it is quite ripe, when it has lost 
much of its food value Experiments have shown that the pro- 
tein of timothy decreases rapidly after it starts to bloom, as do its 
palatabihty, its digestibility, and its vitamin content Timothy 
should be cut before it comes in bloom, and should never be al- 
lowed to ripen 

All grass hays make much better feed for dairy cattle if they are 
cut when they first begin to come into bloom The small grains, 
when cut for hay, should be cut when the gram is in the early 
milk stage and before tliey begin to harden 
"The importance of early cutting cannot be overemphasized 
l^he percentage of protein, the digestibility, the amount of min- 
imis and vitamins, and the palatability decrease as tlie crop 
increases in maturity 
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Curing the Hay In curing hay it is necessary to keep it 
from becoming bltacbed by ibt sun and ram, to preserve the 
leaves from shattering, and at the same time to drive out suffi- 
cient moisture so Uiat it will keep m the bam vvitliout heating 
and spoiling 

There is perhaps no best time to cut hay, although it should 
not be cut until the dew is gone It sliould then be allow ed to 
he in the swath until it is thoroughly wilted When mowing, 
one may use the hay crusher, which crushes the stems of the cut 
plants These crushed stems will dry much more quickly than 
will the uncrushed, and the stems are said to be softer and the 
resulting hay more palatable After wilting and before tlie leav es 
become dry and bnttlc, it should be raked m windrows, prefer- 
ably with a side delivery rake Care should be taken not to 
rake the hay when it is so dry that the leaves will slialter Usu 
ally, small windrows are to be preferred to large ones The 
length of time hay should remain in the windrow depends upon 
the weather conditions and the crop and the method of harvest 
mg and storing Soybean hay is harder to cure than alfalfa, 
clover, or the grass ha)S since their stems arc larger and harder 
to dry out Small lots of hays arc sometimes put up in cocks to 
protect them against ram, but this requues much more labor and 
has become obsolete on most farms The grass hays arc easier 
to cure than the legumes as the leaves are not so easd) broken 
off Care must be taken with all hays, however, in order to pre 
serv e them properly 

When hay is ready to be pul into the bam or stack it should not 
contam more than 25 per cent moisture, and preferably not more 
than 22 per cent if it is to be stored m large amounts If there 
IS more moisture than this, the hay wiU heat and fermentation 
will take place, causing loss of nutrients. In case of threatening 
ram, one or tvvo loads of hay may be put into the bam before 
it reaches the desired dryness, if care is taken to keep it w ell 
spread out so that it is not more than 2 or 3 feet deep at any 
place and not covered over with other hay before it has had 
time to dry 

Harvestmg the Hay Crop It is important that the hay be 
stored as quickly as possible, to prevent loo much exposure to the 
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sun and the hazard of rams In many sections of the country 
it IS difficult to store the hay before it has been rained on Sev- 
eral methods are being used to reduce the tune required for 
tlie curing and harvesting of the crop Most of them save con 
siderable time and labor over tliat of pitching the hay by hand 
on tlie wagon or truck for hauling to the barn or stack Any one 
of the following methods are now being used 

1 Hay Loaders The hay loader is attached to the wagon or 
truck and will load the hay from the windrow with little effort 
The hay should be dry when it is to be stored in the mow or 
stack, but the hay loader may also be used to load wet hay for 
the silo or partially dried hay which is to go on the mow hay 
drier 

2 Buck Raises The use of a buck rake is a rapid metliod of 
getting hay from the windrow to the stack It is especially valu 
able when the iiay is to be stacked The hay should be dry or 
nearly so when tlie buck rake is used although it can also be 
used with freshly cut or partially dried hay 

3 Pickup Balers The use of the pickup baler which bales Uie 
hay from the windrow has gained great popularity in many sec 
tions of the country There are many types of balers, some 
puttmg out square, others rectangular, and still others round 
bales Some are sliced, others are rolled The hay should be 
quite dry if this method is used unless the bales are to be put on a 
hay drier Often, a baler is equipped with an elevator for load 
mg the bales on a truck or tiadex which follows the baler 

4 Field Choppers Many dairymen are gathering the hay 
from the windrow with a field chopper This machine chops the 
hay mto suitable lengths and blows it into a truck which runs 
alongside The dryness of the hay depends upon how it is to be 
cured If in a regular mow without additional drying, it should 
be a little drier than loose hay If it is to be put on a mow hay 
drier it can contain considerable moisture and of course, if it 
IS to go into tlie silo it needs only to be wilted 

Purrmc up H vy on Custom Basis There is an increasing use 
of hay and silage makmg machmeiy on the custom basis A per 
son may own the equipment and have as his mam business the 
custom work for other farmers The actual cost may not vary a 
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great deal, ivhelher the farmer oivml h.r equipment or eustom 
Les It Howeier, he dees not Ime the “^^,1 

the equipment One disadeantage to the eustom 
.t may be diffieult to get the lob done just ishen it “ 

done'^ Suggested rates for ehargmg for custom Mork ate gis 

m Table 11, m the appendix , m urn drv the 

Drying Hay m the Bam Since it is often difficult to dry til 

hay completely in the field, sesctal methods hasc been not 

out to cure hay by other means „,i,,,„ns 

Deuxuiiaunc Because of uneerlaiiity of weather mnditions, 
mechanical curing of hay lias been tried in many places J 
this method the hay is liauled directly from the field )ust altc 
being cut It is then usually chopped as it enters the dner, w 
It passes o\er hot drums which dme off the moisture un i 
contains from 10 to 13 per cent The hay is then either sact^ 
or blosvn into the storage mow The advantages of this meuioo 
are that weather conditions interfere little with the operation, i 
ehmmates the loss due to shattering of leases, there is leM 
chance of its heating and spoiling in the mow, its carotene w 
tent IS preserved, and it is generally a little more palatable man 
ordinary cured hay Hay cured in tins way has very little 
Vitamin D, as it is not exposed to Uie sun’s ra>s The cos o 
such machines has made them prohibitive except on large farms 
where they can be used enough to pay for then cost ano 
operation 

Drylnc Hay by Forced Ventilation The problem ot curing, 
hay varies m different sections of the country Weather con i 
tions that affect hay curmg vary widely Some areas are c ar 
acterized by cool mghts accompanied by high humidity an 
heavy dews especially during a part of the haymaking pen 
For this reason, cunng is delayed and the hay has to remam in 
the field for a longer time after cuttmg Often, there is muc 
r ain y weather durmg haymaking time It is difficult to pro uce 
good quality hay under these conditions 

The Barn Hay Drier. The bam hay dner is often used to 
complete the cunng of partially cured hay A system of air ducts 
or a mam duct and a slatted floor is used to distnbute atmospheric 
air through the hay (Figure 20) 
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Curing Loose Hay. The drier is located in the hay mow and 
a fan is used to drive air through the duct system and the hay. 
With this method of curing, tlie hay may be placed on the 
drier witli a moisture content of as much as 40 to 45 per cent. 
The bam drier then completes the curing of the hay. The han- 
dling of hay with this moisture content results not only in reten- 



Fig. 20. A model of a bam hay drier, showing air-distribution system 
(VP./.). 


tion of more leaves but also more of its green color and carotene 
content than when it is entirely field-cured. This is true under 
favorable haying conditions, but a still greater difference would 
occur with unfav orable weather conditions. 

The use of the hay drier requires the handling of a large ton- 
nage of forage because of its high moisture content. For ma-\i- 
mum efficiency in the drying process, great care must be taken to 
distribute the hay evenly over the entire duct system. 

Drying Chopped Ilatj. The earlier driers were designed prin- 
cip.'illy for loose hay. Modifications have been made in the 
air-distribution system for drying chopped hay. High-quahty 
hay luas been made with this method. However, a slightly less 
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moisture content is essential and ihc chopped hay must be dis- 
tributed evenly over the drier. The hay should be cut in as long 
pieces as can be blown onto the drier. Short cuts of dried hay 
may cause sore mouths in cows. 

Drying Baled Hay. Some changes in the distribution of the 
airflow make the hay drier capable of curing baled hay. For cur- 
ing in bales the hay must be somewhat drier than when stored 
as long loose hay. It should be baled ratlier loose, and placed 
on the drier so that as much air as possible is forced through the 
bales. 

Value of Barn Hay Drier. The bam drier permits the dairy- 
men to put his hay in the barn with a minimum of exposure to 
the weather. It makes i>ossib)e the saving of hay under weather 
conditions which would otherwise practically ruin it. More of 
the protein, leaves, green color, and carotene content of the hay 
can be preserved- In experiments at the Virginia Experiment 
Station * the crude protein content of third cutting alfalfa hay 
was 17.6 per cent for the field-cured hay and 20.2 per cent for 
the bara-cured hay. The coefficient of digestibility of the crude 
protein was 70.8 per cent for the field-cured hay and 74.S per 
cent for the bara-cured hay. The differences in the milk-produc- 
ing abilities of the two hays were not great, although the group 
of cows fed the barn-cured hay produced slightly more. 

The loss of dry matter in hay from the time of cutting until fed 
was reported by the Cornell Experiment Station f to be 13 per 
cent for barn-cured hay and 24 per cent for field-cured hay. 

Electricity Required. The amount of electricity required to 
operate the fan depends upon the moisture in the hay when 
placed on the drier and upon the weather conditions. Under 
average conditions of both, it will require about 30 kilowatt hours 
per ton of dried hay. 

Drying with Sotpleniental Heat. If heated air is forced 
through the hay it will dry faster. Also, hay with a higher mois- 
ture content can be placed on the drier. An oil burner is the 
usual source of supplemental heat. This is used in conjunction 
with the fan-and-duct system in the usual barn drier. 

• Va. Agr. Exp. Sia. Bui. 431 (1950). 

f Cornell Exp. Sta. Bui. 874 (J951), 
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The supplement heater may be either of two types, a stationary 
unit with a fixed location or a portable unit used with various 
drier units With the stationary umts, the drier is usually in a 
permanent shed or special buildmg The hay is dried in a period 
of 50 to 60 hours and removed for storage elsewhere and the 
drier can be reloaded at once 

The use of supplemental heat not only does the job m a very 
short time but makes possible curing, regardless of weather and 
air conditions 

Preservatives for Curing High Moisture Hay Some prepa- 
rations have appeared on the market with the claim that tliey will 
prevent spoilage of gram and hay stored with a high moisture 
content The Kansas Experunent Station * tested some of these 
preparations as well as other chemicals known to be mold mhibit- 
mg agents They reported that the commercial preparations con- 
tained essentially sodium carbonate, sodium bicarbonate, cal 
cium carbonate, and magnesium carbonate The manufacturers’ 
claim of effectiveness was based on the lelease of carbon dioxide 
to displace air in the gram or hay and m that way prevent heat 
ing and moldmg The Kansas Station reported that the results 
of their work indicated that these preparations would not pre 
vent molding and spoilage m gram and hay stored with high 
moisture content Salt is occasionally added to high moisture 
hay It has not been found to prevent molding or heatmg 
Hay Silages In order to preserve hay without interference 
from the weather, the silo has freguently been used As already 
pointed out silage made from such forages lacks sufficient sugar 
to preserve it satisfactorily without special care Special methods 
have been devised, however, by which it is preserved success- 
fully, for example, A I V silage and molasses silage These have 
been discussed in a previous chapter 

Storage of Field Cured Hay Field cured hay is usually stored 
loose m mows or in stacks When stored m the barn it is im- 
portant that the hay be well distributed When put in with a 
hayfork loo much should not be allowed to drop m one pile, 
otherwise it may heat and spoil Some farmers chop the hay 
witli a forage harvester or witli a l\ay cutter and blow it into the 
• Kanitts /tgr Exp Sta , Prog Bept No 0(1931) 
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mow Such a method has the advantage that considerably 
more hay can be stored in a given space and it is easier to re 
move, since it is not bound together like loose hay Care must 
be taken, however, that the bay is well dried, or it is likely to heat 
There is some danger of si>ontaneous combustion with hay stored 
in this way unless it is more thorou^ily dried than when stored 
loose 

In storing hay in the bale, the hay needs to be a little dner 
than for storing loose Unless quite dry the bales should be set 
on edge with room for air circulation between them and stacked 
so as to give a maximum surface area exposed for drying 

Aur dry hay at time of feeding usually contains from iO to 12 
per cent moisture If hay is stored with 25 per cent moisture, 
which IS a safe storage content, nearly 300 pounds of water must 
evaporate from each ton of hay stored 
Brown Hay Sometimes, because of very unfavorable weather 
conditions, good bay cannot be obtained by the ordinary methods 
of curing, and it is then made into what is known as "brown 
hay ” The hay is allowed to dry until about 50 per cent of the 
moisture has been removed, and then it is packed in a slack or 
m piles Fermentation takes place and the hay becomes \ ery hot, 
but the temperature should not exceed 175®F The heat dries 
out the hay During fermcnlabon much of the dry matter is 
oxidized so that it may lose as much as 40 per cent of the total 
dry matter Digestibility is also decreased The hay, however, 
is often quite palatable, but because of the great waste m dry 
matter the method is not recommended The Mtamins are 
probably destroyed in the process of fennentation 

Danger from Spontaneous Combustion If hay is put in the 
mow or stacked when it contams too much moisture, it may fer- 
ment very rapidly, releasing a large amount of heat If it is 
allowed to continue for a month or 8 weeks, the temperature 
may nse to 300®F to 400'’F when spontaneous combustion may 
occur and the hay burst mto flame This may be prevented by 
taking care not to store hay with an excessive amount of mois 
ture, or, if this is unavoidable, to distribute the haj well, not 
allowing it to become packed Leaks in the roof, unknown to the 
owner, sometimes cause this trouble No trouble has been ex 
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perienced with spontaneous combustion with tlie use of the bam 
hay drieis 

Feeding Hay Since hay is one of the cheapest winter feeds 
produced on the farm, and since dairy cows are well adapted to 
Its consumption and digestion, it should be fed m large amounts 
The amount that a dairy cow will eat, however, depends upon 
the quality of the hay and the amount of other feed 

Because of its bulky nature, hay alone cannot be consumed by 
cows in sufficient quantity to produce maximum amounts of milk, 
it IS usually fed with some other more concentrated feed Cows 
have produced fairly large amounts of milk and butterfat when 
fed on legume hay alone, but not as much as they would have 
produced if they had been fed some grain Some dairymen 
mamtain that it is more profitable to feed the cows large amounts 
of roughage and small amounts of grams, even though the maxi 
mum amount of milk is not obtained, because of the lower cost 
of the roughage as compared to the gram The right proportions 
depend upon several factors When the price of milk is very low 
and the price of gram is high, there seems no question but tliat 
It might be more economical to feed a ration consistmg largely 
or entirely of roughage But if tlie price of milk is high and the 
cost of gram is low, it usually is more profitable to feed a full 
gram ration Ordinarily, a moderate gram ration with fairly 
heavy roughage feeding is to be recommended 

Legume roughiges and corn silage go well together m making 
a dairy ration The hay adds prolem and the silage adds suc- 
culence Both are palatable and produce high yields per acre 
Legume hay, however, can be fed satisfactorily as the sole rough- 
age, and when water is available at all times it will produce 
just as much milk as when fed m conjunction with com silage 
Under this condition it is necessary to feed more hay One 
pound of hay is equivalent to about 3 pounds of silage m digest 
ible nutrients, but the legume hay contains considerably more 
protein 

The general rule for feeding hay is to feed all that the cows will 
clean up As stated before, tlic amount that they consume dc 
pends upon the quality of the hay and the amount and kind of 
other feeds When fed with com silage and a full gram ration. 
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*ey wm consume about 1% pounds of hay and 3 pounds of 

for 3 pounds of silage. rtr^m ration, cows 

When fed williout sUage but on a limited g 
will consume as much as 3 to 3.S pounds of hay to each 

^Tht“'c— ht Bguses are simply guides diat ^^^^ 
use in figuring the amount of hay necessary under different 

of Feeding Hay. The methods of feeding hay is ^ 
ceiving much consideration from the lahor-savmg 
■Hie feeding of haled hay has eliminated much of *e 
worh. With loose hay. die hayfork used to pnt the toy in *e 
bam may be reversed to do some of the heaviest work in 

” Some feed bams are arranged with the hay stored “ 
level that the cows are housed, with mov^le hay ma g 
ranged bebveen the cows and the hay. This plan reduces the 

handling of hay to a minimum. amiind 

A cylindrical upright storage with a self-feeder system ar 
the circumference at the bottom has been developed for teeamg 
chopped hay. It resembles a silo and is made of , 

metaL A cone is built in the bottom of tlie storage to cau 
hay to sUde to the outside where the cows can reach it tn y 
eat, the weight of the hay above causes more to slide do\ 
This storage can be constructed with an air duct in the cen er, 
extending from the ground level to the top. The duct can e 
equipped with a hay drier. , , 

More emphasis must be placed on the greater utilization 
pasture, hay, and silage. These must be produced and ma 
available to the cow in the condition under which they 
their greatest nutritive value and with a minimum of band la or. 

Supplementing Hay. Does it pay to feed grain to dairy cattle 
This question has been considered by many dairymen. ° 

the experiments that have been carried out to solve this prob em 
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have been in the area where alfalfa hay is easily grown and 
where the quality of alfalfa hay is of the best The answer de- 
pends upon several factors which are stated by the Nevada E\- 
periment Station * as follows 

Fatormg Grom Feeding 
High hiy prices 
Low gram prices 
High prices for dairy products 
High producing cows 
Poor quality hay 


Opposed to Gram Feeding 
Low hay prices 
High gram prices 
Ixiw prices for dairy products 
Low producing cows 
Good-quabty hay 


“The correct answer to the question ‘Does it pay to feed grain 
to dairy cows?’ varies witli changes in economic conditions and 
in the productive capacity of tlie cows and must always be quali- 
fied so as to apply to some given combmation of the factors men- 
tioned above ” As a rule, however, it would seem advisable to 
feed at least a Imiited amount of gram for the most economical 
results 

Data from eight experiment stations that were cooperating in a 
feeding project were summarized by the United States Depart- 
ment of Agriculture f (Table XXXIII) Data is given on rough- 
age consumed by cows on various levels of gram feeding and on 
the ratio of milh produced to gram fed As more gram was fed 
the cows ate less roughage but had a greater total nutrient intake 
For each pound of gram consumed tlie cow reduced the hay in- 
take by approximately 0 7 pound Thus, about 0 35 pound of 
total digestible nutrients m the hay was replaced with approvi 
mately 0 7 pound from gram 

On the basis of current price figures for milk, gram, and hay, 
computations can be made from tins table to arrive at the most 
profitable level of gram feeding The relation of tlie cost of hay 
to gram, as well as the price of milk, will influence the level of 
gram feeding that is most profitable As the price of milk de- 
clmes, it will generally be more profitable to produce the milk 
witli more roughage and less gram 

* Nev Agr Exp Sta Bui 140 

tUSDA Tech Bui 815 (1942) 
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TABLE XXXUI 

Data os Vabious Leveis or Grain Feeding and Its Relation to 
Rodgjiage Intake and AIilk Produced 


Level 

of 

Feed 

Low 

eetto 

Uisb- 

ent 

Live 

Weight. 

pounde 

^ugbage 
LZpresaed 
u lUy 

EqVUVl- 
lent 
per 100 
Pound* 

Deght, 

pound* 

Total 

Hay 

lent 
Fed ID 
a Year 
pound* 

Grain 
Fed ui 
a Year 
pound* 

Fed 

during 

Lacta 

Period 

pounds 

Ad;u5ted 

Toul 

D geatible 

Nutrients 

pounds 

Estimated 
Quantities 
of Milk 
These 
Feeds 
Vtould 
Produce 
pound* 

Milk 
Produced 
per Pound 
of Gram 
Fed 
during 
Lactation, 
pounds 



2 9 

11 338 

0 

0 

S102 

8438 



1090 

2 8 

11 018 

4o0 

420 

53“6 

7020 



1100 

27 

10 7S1 

900 

810 

5642 

7ol7 



1110 

2 a 

10 447 

13s« 

I2CO 

5J01 

7947 



1120 

2 5 

10 138 

1800 

1880 

8154 

8317 



1130 

2 4 

9 817 

32.10 

2100 

8400 

8839 



1140 

2 3 

9 492 

2*00 

2o20 

8838 

89lo 



J1S0 

2 2 

9 lo9 

31j0 

2940 

8888 

OloO 


9 

IIGO 

2 1 

8 818 

3800 

3300 

*091 

9386 



n 0 

3 0 

8 471 

40j0 

3*80 

7307 

9.k^ 


11 

1180 

9 

8 118 

4800 

4200 

7514 

9 08 


12 

1190 

8 

7 7« 

49U) 

4820 

7713 

9847 


13 

1300 

7 

7 38o 

8400 

.OlO 

7900 

9971 



STORAGE SPACE REQUIREMENTS 

The space required to store hay depends on its looseness, the 
depth of storage, its moisture content when put in storage, and 
the kind of hay. Table E in the appendix gives the weight per 
cubic foot and the cubic feet required to store a ton of hay 
and various other matenals * 

Hay that is chopped packs closer than loose hay The shorter 
the cut the less space required Hay baled in tlie field with a 
pickup baler is usually baled loose and will use less than half 
as much space as loose stored hay Hay that is baled when it 
IS completely dry and pressed very tight will require only about 
one fifth as much storage space as long hay m loose storage 
• Hoards' Dairyman (Mar 25, 1051} 
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Pastuies 


Pasture is the natural feed for dairy cattle and in many respects 
the best Abundance of good pasture provides most of the re 
quirements of a good dauy ration for economical milk produc 
tion Of the total land area of the United States 1905 million 
acres about 707 million acres or more than one third are used 
for grazing This does not include woodland and forest grazing 
areas There are approximately 110 million acres of pasture land 
that are suitable for cultivation the remainder being nonarable 
in the present condition The total land used for crops is 270 
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million acres Thus, approvimately 40 per cent of the arable land 
IS in pasture 

Thirty-five per cent ® of the total feed for livestoclv is in the 
form of pasture Except m specialized dairies in a few small 
sections of the United States, pasture is of the greatest importance 
in the production of milk It has been estimated tliat more than 
half of all the milk produced in this country is produced from 
pasture In many sections, the number of cows kept is deter- 
mmed by tlie number that can be pastured There is an old 
Flemish proverb tliat says, “No grass, no cattle, no cattle, no 
manure, no manure, no crops This is true to a certain extent m 
many sections of our country today Fresh pasture is palatable, 
IS succulent, and has a good physiological effect upon the cow 
It is rich m protein, vitamins, and minerals However, one should 
realize that pasture is not a concentrate and that heavy milking 
cows cannot consume enough pasture for maximum milk pro- 
duction The pasture should be supplemented with gram if the 
maxunum production is to be obtained 

DESIRABLE CHARACTERISTICS OF A PASTURE 

A pasture, to be of the greatest benefit to the dairyman, must 
possess the follovvmg desirable characteristics 

1 Young and Growing The best pasture is a young pasture 
and in order for it to remain good it must be kept actively grow- 
mg Young, actively growing pastures are high in protein, often 
reaching 15 per cent or more on the dry-matter basis They are 
soft and tender, containing less crude fiber and hgnm than old 
pastures, and hence are more digesbble They are nch in all of 
the vitamins or their precursors They are nch in phosphorus 
and m calcium The vitamins and minerals decrease as the plant 
grows older 

2 Dense and Abundant A pasture to be good should have a 
dense sod, as this determines the amount of feed that is available 
for the cattle The job of harvestmg tlie pasture crop by the cow 
is a big task An average dairy cow will consume about 150 
pounds of pasture daily Such a pile of grass would measure 

* Crass, U S D A Yearbook of Agriculture ( 1948) 
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6 feet m iameter and 3 feet htgh at the center To 
a quantity of feed is quite a tasl, even when the pasture is 

Cows seen, to be able to ha.e^ 
pasture best when it is about 6 mches taU 

shorter or taUer ^Vhen it is shorter, “ ““fthe 

one bite When it is taller, the grazing is done by biting 
sward to the depth of 4 or S mches As the blades ^ 
ate more widely separated, the amount of grass gathered p 
IS considerably less Another method m for 
herbage sideways with the aid of the tongue When *‘5 w don 
the aiunt taken with each bite m mcreased but the uumbe^f 
bites taken per mmute is reduced because of the mcreas 
required to manipulate and swallow the taller herbage 

4 PAiavTAiiLE AKD DicESOTUt. The palatabih^ and g 
bihty of the forage wdl determme the amount of feed ttat m 
cows wdl consume and how much they wdl be able to “ 
mto milk. Plants change m their composition somewhat dm 
ently For example, orchard grass, Reed s i^ary grass, . 
of the other grasses become woody and lose 
- much sooner than some others Most legumes with the except! 
of the perennial lespedeza brome grass, and Sudan ^ass w 
tarn their palatability and nutntive value for a relatively S 
period of tune Most of the grasses, however, change 
gestibility and palatability as the season advances ^ ^ 
portant that there be a muture of grasses or legumes P , 

ture that will remain palatable and nutntive throughou 

entue season V, ve a 

5 Even DisniiDunoN niBovcHoirr the Season To na 
good pasture it is necessary that there be some actively grovvin 
pasture plant from early spnng to late fall Different ^uss 
show different charactenshes m regard to their growth 
the season Bluegrass pasture for example, grows well m 
spnng and fall but fails to grow dunng the hot part of summer^ 
It IS necessary then to have some pasture plant that will o we 
m hot weather to supplement the bluegrass at that pen 

Unless there is abundant pasture at all seasons cows cannot ee 

their milk production uniform. A study * at the Kansas Station 
• J Deify ScL, 25 "79 ( 1942) 
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showed tint cows on good pasture spend about 50 per cent of 
die time grazing, on fair pasture they spend 55 per cent of their 
time grazing, and on poor pasture 62 per cent 

6 Convenient to the Stable Dairy cows should be pro 
vided pasture which is not loo distant from tlie stable, as they 
should not be required to walk great distances to and from the 
pasture When improvmg a pasture, a dairyman should start 
with that nearest the barn Considerable energy is required 
for a cow to walk far to and from pasture 

7 Well Watered The importance of water in the pasture 
during the hot, dry months cannot be overemphasized Cows 
require a large amount of water at all times, and in hot weather 
this requirement is increased greatly If there is no stream in the 
pasture, fresh water should be provided by otlier means 

8 Fenced Properly A good pasture should have a good 
fence surrounding it, but good pasture management requires a 
flexible fencmg system Rotational grazing calls for an mex 
pensive and temporary fence that can be moved as occasion war 
rants The electric fence with an automatic control and a one or 
two wire Ime is quite satisfactory Such a fence can be changed 
as often as needed with a minimum of work 

GRASSLAND FARMING 

The soil conservation programs and pasture improvement pro 
grams have caused a reduction m row crops and an increase m 
pasture and hay crops In some areas, especially on some indi 
vidual farms there is a trend toward a complete grassland farm 
mg system The program is based on high yieldmg pastures 
along with the best legumes and grasses for abundant hay and 
hay crop silage for winter feed It is proving popular and profit 
able m certain areas 


KINDS OF PASTURE 

Pastures may be classified by various methods They may be 
classified according to tlie nature of the plant as perennials or as 
annuals, or as to the time of year that the plant makes the most 
growth 
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The more usual designation is on the basis of use permanent, 
special, temporary, and winter pasture 


Permanent Pastures 

Economy of Pcimanent Pastures Permanent pasture is one of 
the most economical feeds available for dairy cattle Tins is due 
to the fact that it requires very little labor and care, as compared 
to most other crops Permanent pastures will last for many years 
if given proper care and tlicre is no labor expense m fitting the 
sod each year or m harvesting since the cows harvest the crop 
themselves Furthermore, though pastures must be fertilized at 
intervals, they do not require so much fertilizer as land m culti 
vated crops Pastures also tend to prevent erosion, since the 
ground is covered the entire year 
Mill, and bulterfat can be produced by cows on pasture at a 
much lower feed cost than by bam fed cows This is indicated m 
Table WXiV m the 3 jear average of the montldy production 
of the cows in the Dairy Herd Improvement Association m West 
Virginia which is fairly typical of conditions m the bluegrass 
section of the United States 

T\BLE WMN 


MovriiLT Vbodvctio\ Feed Cost per IGOPocnds 3Iilk per Pocvo Fat 
C njree-year Average ^\esl Virguia Herd Improiement VssoeatJon) 




\veragc 

Fat 

Feed 

Feed 



Pro- 

Produc 

Cost per 

Cost per 


Number 

duction 

tioo 

Cut 

Pound 

3toDth 

of Cows 

pounds 

pounds 

iWk 

Butterfat 

January 

Sllu 

o99 

2o 3 

81 So 

$0 32 

February 

mi 

alO 

2i o 

1 20 

0 29 

March 

I'^OJ 

694 

29 G 

1 23 

0 29 

Apnl 

1S19 


27 9 

1 10 

0 20 

May 

2227 

-37 

31 2 

0 o9 

0 14 

June 

1937 

6"0 

28 6 

0 6^ 

0 14 

July 

2041 

GoS 

28 2 

0 C3 

0 14 

August 

212S 

Goo 

28 2 

0 63 

0 lo 

September 

2o8Q 

o82 

2o 4 

0 72 

0 16 

October 

21C4 

oGG 

2C 2 

0 83 

0 19 

"November 

23o0 

olG 

23 2 

1 28 

0 28 

December 

22oQ 

oGO 

2o 0 

1 36 

0 31 
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Some of tlie dairymen started to pasture in the latter part of 
April and some continued into tlie latter part of October, although 
other feeds were fed as needed dunng the entire summer It can 
be seen that the feed cost of 100 pounds of milk and 1 pound of 
butterfat decreased 50 per cent during the early pasture season 
and increased during tlie latter part of the summer when the 
pasture became short 


Yields of Pastures 

There is a prevailing opinion that lands put to permanent pas- 
ture wiU not yield a return in comparison with the value of the 
land or with the returns secured from other crops Even though 
this is undoubtedly true of much of the pastureland in tlie United 
States as it is now handled, it need not be so The farmers in 
Holland make extensive use of pasture on land which is valued at 
§500 to $1000 per acre and which annually rents for more than 
most of the land in tins country would bring if sold This land, 
however, is not considered as waste land, nor is the pasture a 
neglected crop Indeed, the pasture sod, some of which is more 
than 100 years old, is more carefully handled than any other crop 
on the farm Care is taken that the cattle are not placed on it 
too early, that it is not overpastured so that the plants are de- 
stroyed, and that the sod is as carefully and as systematically 
manured and fertilized as for any other ciop 

In the United States, a permanent pasture that will furnish 
abundant feed for a 1000 pound cow for the season, on 2^2 acres, 
IS considered a good one A comparison of the feeding value of a 
Kentucky bluegrass pasture and of a dry ration off pasture was 
made at the Pennsylvania Experiment Station * The feeding 
value and carrying capacity were estimated m terms of dairy 
cattle producing different quantities of milk Eighty pounds of 
green grass per head each day was taken as tlie basis of compu- 
tation Cows producing 20 pounds of milk daily do not usually 
require any supplementary feed, cows producing more than this 
should be given some feed in addition The dry ration fed while 
the cows were not pastured was figured according to the Mom- 
son standard 

* Pa Exp Sta Bui 195 
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T\BLE WXV 

Value of Kentuckt Bluegoass PAartRC tuRMsHXNQ 80 Pounds op 
Green Grass per DAr for a Period or J^O Dais 
(Cost of teed for 1>>0 Da>s) 


1200 pound cow 

20 pounds 3 5 per cent tndk daily 

Pasture 

Drj Ration Difference 
off m Fa%or 

Pasture of Pasture 

$4i 07 $44 07 

da poun ]s 3 a per cent mitk da ly 

$10 20 

^0 74 

37 oi 

£0 pounds 3 5 per cent milk daily 

33 8t 

71 12 

37 28 

^\crage 

$17 C8 

$j 7 ol 

$39 83 


Table XXXV shows the difference m favor of pasture as com 
pared with dry feeding This does not represent the acre value 
of pasture but simply the value of an area capable of produemg 
12 000 pounds of green grass during a period of 150 days The 
investigators found that it rerjuircd from less than 1 acre to more 
than 2 5 acres to support a cow for this length of time 'depending 
upon the type of the soil and its treatment \fany of the ranges 
and unimproved pastures require as many as 10 to 20 acres for 
each animal Ntost pastures of this kmd might be easily im 
proved 

Bluegrass pasture has a wide range of carrying capacity de 
pending on the soil the amount of fertilizer applied its man 
agement and the amount of rainfall At tlie Virginia Station " 
the number of cow days of grazing per acre per year ranged from 
63 to 218 This represented 3 acres per cow for the poorer pas 
ture and less than one acre per cow for the better pasture The 
length of the grazing season was about 180 days The total di 
gestible nutrients produced per acre vaned from 1020 pounds to 
3266 per year Milk production bad a range of 974 pounds to 
3o04 pounds per acre for the grazing season In most areas 
permanent pastures will furnish grass cheaper than any other 
type of pasture however they do have certain limitations 
•Vo Agr Exp Sta Bui 309 (1937) 
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Limitations of Permanent Pasture 

The mam disadvantage of a permanent pasture is tliat during 
the latter part of the season it often does not produce as much 
feed as is needed As the grasses become mature, they are less 
digestible and less palatable, and tlie protein, vitamin, and min- 
eral content decrease During this period it is usually necessary 
to have some supplementary feed such as temporary pasture, soil- 
mg crop, or summer silage The so called dormant period of 
bluegrass may be due not so much to the nature of the plant as 
to the lack of moisture Experiments earned on by the De- 
partment of Agriculture * at twelve different stations m this 
country indicate that there is no practical way of producing a 
uniform growth of grasses throughout the entire growing season 
The total yield of dry matter vanes greatly not only with the dif- 
ferent pastures and localities but also from year to year on the 
same pasture 

The curves m Fig 22 show the variations m the production of 
feed nutnents by pastures durmg different months Also, it will 
be seen tliat the peak montlis of production are different at the 
three locations In order to have sufficient grass during most of 
the grazmg season, there will be surplus grass at some periods 
This can be used to advantage as hay or as hay crop silage 

Permanent Pasture Crops 

Permanent pastures consist of perennial plants and can be used 
under favorable conditions for many years in succession They 
have the advantage that they do not have to be plowed every few 
years, and furthermore they are adapted to conditions under 
which plowing is not possible A large part of the pastureland 
m the United States is permanent, and rightfully so, since there 
are many acres on hillsides and lowlands that should never be 
broken up but should return a profitable acre income when m 
pasture and cared for properly 

The best permanent pasture grasses and legumes vary m dif- 
ferent sections of the country Kentucky bluegrass is probably 

• U S D,A Tech Bui 405 



.ost u.uversal crop. The n.a„y 

Canadian bluegrass.redtop,brome ^s.^o*y. 

carpet grass, Bermuda g^. closer, 

ivhrte or Dutch clover. alstU c over, bur c over, 
lespedeza, bird’s-foot trefoil, and lad.no clover. 



>!wU ii 3wic 

Fig 22. Monthly yields of pasture m difiexent areas (from VS DJ^ 3 «c 
Pub 194) 


A mixture consisting of both grasses and legumes is des 
Also, a mixture contammg early growmg and late groMing 
iatII help to spread out the feed supply more evenly o\e 
entire grazing period The crops should be selecle om 
ones best adapted to the specific locahty. 
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Management of Permanent Pasture 

The amount of pasture that can be secured from a given area 
of permanent pasture depends largely upon the management 
that it receives The pasturelands in most sections of the United 
States have been greatly depleted, and it is necessary that they 
be built up again if tlie greatest returns are to be derived from 
them 

Proper Grazing Metliods. Overgrazing is one of the chief 
causes of tlie deplebon of pastures The e£Fect of close grazing 
depends on the crops used for pasture The legumes and tall 
grasses cannot stand as close grazing as the shorter, more spread- 
ing crops The reduced leaf area lowers the ability of the plant 
to grow and to store nutrients in tlie roots Under these condi- 
tions the yield is lessened and the stand or covermg becomes 
thinner because of the plants dying out The effect is greatest 
m periods of low ramfall or in and regions 
Undergrazmg also has some undesirable effects Experiments 
at the Virgima Expenment Station • show that, with well estab- 
lished bluegtass pastures, comparatively closely grazed plots gave 
a higher yield than hghtly grazed plots At the end of 3 years, 
it was found that tlie sod on tlie closely grazed plots was in a 
much better condition, with fewer weeds, than the sod in the 
lightly grazed plots When pastures are not kept grazed down, 
many heads form, and the pasture loses in palatability It should 
be pastured close enough to keep it from heading 

Cattle should not be turned on pasture until after it has made 
a good start in the spring, and they should not be pastured too 
late in tlie fall 

Alternate vs Continuous Grazing When dairy cows are 
kept m the same pasture throughout the entire pasture season, it 
IS often difficult to get the pasture grazed uniformly, as the cows 
consume the pasture near the bam and leave that away from the 
bam until it has become too ripe In order to secure more imi- 
form grazing and to give tlie pasture a chance to grow, a system 
of dividing the pasture into two or more separate fields and pas- 

“ Va Exp Sta Bui 204 
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tunng the animals in succession has been advocated- By this 
svstem the cows are turned on the pasture when it is 4 or 5 
mclics tail and still palatable As soon as the cows have eaten 
tJie pasture douTi, Uie) arc turned into tlie second pasture If 
Uits cannot keep all Uie pasturw eaten down, one field ina> be 
mowed for hay or silagt, to prevent the bad effects of under- 
graang. 

ifoiiESUELM SiSTEsr The flohcnhcim s>slem, an intensive 
s>sUin of pasture fertilization and management m which alter* 
iiatc yaang pbjs an important part, has been developed m 
German) Tlic s>stcm consists of dividing the pasture into four 
or five fields, Uic size, depending upon the size of the herd 
\bout i to 2 acres arc allowed for each 10 cows Each field ts 
fertilized vvUh phosplwrus and potasli when needed, and par- 
ticularl) witli liberal amounts of nitrogen each >car m one or 
two applications The cattle arc rotated progressively from one 
field to anodicr at intervals of about a week. Tltc >oung stock 
and dry cows arc kept separate from the milking herd Tlicy 
follow m cacii field os the milking herd advances, eating the re- 
maining and less palatable grasses In tins manner each field is 
pastured when it u from 4 to 5 inches high, and is eaten com 
pletel) so tint It docs not head out If the cattle cannot cat 
all die pasture fast cnougji, one field is mowed when 4 or 5 inches 
hi.,}i so that the entire pasture will be kept palatable and not 
allowe-d to go to seed and die down A lunow is run over llic 
pasture at intervals to scatter the droppings 
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the difficulty of maintaining white clover m the herbage ” This 
system has not as yet gained wide popularity in the United States 
Pasture Fertilization. Pastures usually respond remarkably 
well to fertilization They cannot be expected to mamtain their 
yield year after year unless some plant food is added to replace 
that which is removed by the growing crop If fertilizers of some 
kind are not added, the yield of pasture gradually decreases until 
the pasture becomes unprofitable One should always reahze 
that a pasture should be treated hke any other crop, and should 
not be expected to produce a crop year after year witliout any 
fertilizer 

The fertilizer treatment for a pasture varies greatly, depending 
upon tlie type of soil and its previous treatment If the soil is 
acid, a certam amount of lime must be added before other 
fertihzer treatments will be of much benefit On most types of 
soil, phosphorus is the Iimitmg factor, but often potash will have 
excellent effects Whether or not these fertilizers will give good 
results depends largely upon tlie amount of these elements m 
the soil, but many experiments have shown that most soils will 
respond to these fertilizers This type of fertilization will not 
only mcrease the amount and growth of the grasses but will also 
encourage the growth of white clover and other legumes which 
are beneficial in adding nitrogen to the soil 

If the acreage is low, so that it is desirable to increase the 
yield, it IS often advisable to add some nitrogen fertilizer This 
IS usually added at least Uvice during the season Nitrogen 
fertilization results in a much greater yield of grasses, but usually 
there are fewer legumes It ^vlll bring on the pasture m the 
spring about 2 weeks earlier tlian normal Such fertilization 
can often be practiced to advantage when used with heavy- 
milking dairy herds but cannot be relied upon to give yields dur- 
ing the dry season of tlie year The question as to whether it is 
profitable to fertilize pasture has been asked by many dairymen 
A study made at the Pennsylvania Expenment Station • has at- 
tempted to answer this question under the conditions as found 
in central Pennsylvania These results may not apply to all con- 
ditions but ma> indicate what might be expected from such 
treatments The results arc given m Table XXXVI, 

• Penn £ip Slo Bui 323 
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TABLE XSXVI 
(Acre Basis— Seasott ol 1934) 


FertiliMt 

Treatment 

Lime 

Lime and phosphorus 

Lime, phosphorus and potas- 
sium 

Lime, phosphorus, potassium 
and nitrogen 

phosphorus, potassium 
and mlrogen (put on at 2 
tunes) 

Lime, phosphorus, potassium, 
i nitrogens 

Lime, phosphorus, potassium, 
i nitrogens (put on at 2 
times) 

Lime, ptio'-phorus, potassium. 
3 nitrogens (put on at 2 
tunes) 


Pounds 

olAPer 

Cent Value Concen- 
iUk of Milk trales 
Pro- ati2 00 at$l^ 
duced per Cwt. per Cwt 


753 


915 10 
31 52 


1471 20 42 

1043 32 35 


1001 21 82 

21CI 43 22 


$3 13 
5 66 


Beturna 

Cost abose Cost 
of of Concen- 
Fcrti- tratesand 
Fertilizer 

811 97 
5 1 92 23 9* 


lizer 


3 17 29 ^ 

5 51 21 


5 73 M ^ 
7 97 2C •! 


,15 19 43 


9 51 10 45 


The data indicated that a Mtistactoiy The 

money capended for fertilizer m =1' became 

second application of nitrogen brought little or n 

of extremely dry sveather which continued for seve 1 ^ 

In an expenment with miUung cows at the '^“8“ 
coscting a period of 10 years, permanent bln<=grass Pastme i'“ 
hmed and fcrtdized xvilh phosphorus, phosphorus and 
and phosphorus and xJOtash- A comparison o 
Mclds IS Risen m Table XXXV^II rtr<»at 

It can be seen that the addition of fertilizer had a very g 

effect upon the yield m 

A similar experiment 1 of 10 years duration was 

•Vj Eip Sta Bui 414(1&18) 

\\V \a £xp Sta Bui 324 (1943) 
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TABLE XXXVn 

A\eragb Poxxnds of Total Digestible Nutiiients Produced per 
Acre When No Fertilizer AVas Applied and When it AVas Fertilized 
■WITH Three Types op Pertilizer 

Total Digestible 


Nutrients per Per Cent of 
Acre Check Lot 

Check 1245 1 100 

Phosphorus 1759 3 141 

Phosphorus and potash 2047 4 164 

Phosphorus and nitrogen 2106 9 174 


TABLE XXXVin 

Average Standard Cow Days per Acre and Eqtjivalent Carrying 
Capacity rK Acres per Cow under Various Fertilizer Treatments 



Standard 

Carrymg 

TD.N 


Cow 

Capacity 

Produced 


Days 

Acres 

per Acre, 


per Acre 

per Cow • 

pounds 

Check 

43 3 

4 15 

693 

Phosphorus 

65 9 

2 75 

1055 

Phosphorus and potash 

83 9 

2 15 

1393 

Phosphorus, potash, and 
nitrogen 

94 5 

1 90 

1513 


* Acres required to carry an average producing cow for 180 dajs 

West Virginia, the results of which are given in Table XXXVIII 
All plots were limed 

In another study with milking cows at tlie Virginia Station ** 
results were secured on the residual effect of t^vo large apphca* 
cations of fertilizer on consecutive years without further fertiliza- 
tion The fertilized lot was limed It had an application of 1000 
pounds of 8-8-8 fertilizer each year for the first 2 years (Table 
XXXIX) 

The drought >car of 1930 gave very poor results The next 
>car the residual effect was quite marked and the fertilized lot 
almost doubled the carrying capacity of the check lot. With no 
more fertilizer added, the production declined steadily for the 

*Va SW BuJ 300 (1937) 
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TABLE XXXK 




Year 

1950 

1931 

193i 

1933 

1934 
1933 
1930 


Pounds 

&- 8-8 

Fertilizer 

1000 

1000 

0 

0 

0 


Fertilized 

TDN. 
Dajs Pounds 


54 

318 

138 

13G 

118 

97 

C3 


982 

32CG 

2313 

2287 

1908 

1725 

1110 


Unfertilized 

tdn. 

Daj 3 Pounds 
611 


112 

83 

89 

92 

68 

63 


1802 

1403 

1603 

1578 

1251 

1035 


following 4 years At *e end o£^ V ^ ^ ^ 

was sUll producing slightly more than the Although 

Z 6 yea^s had produced 46 per cen mme "rbeS. 

yields indicated that the residua! and 

“ntm" dCer“ Ss Zn at Uie beginning of ^e e^er^ent 
The type of fertilization and the amount and ^ 

plStiorsvill be dictated by the needs of the speciBo sod and 
other local conditions 


Specialized Pastures 

The most mtensiHed pasture systems m 4e world 
the Hohenheim system developed m j 

earlier) and the mtensive p^ture system m 

In this country some dair^en m ^ng them 

secuon are growing specmbzed pasUire crops and treaMg 
more hhe them odier mam crops Yields “■= “bminrf ttat 
pare favorably with any forage crop ““j fertdiaers 

miensiNe programs must receive heavy apphcations o 

and be n^naged diSerenUy Uian die n^l ^“^^0 

Crops to Use m Intensive Pastures Program. Jha mop^^^ 
use m intensive pasture progtams must be 
produce ranV growth quicUy Some of the more pop 
axe ladino clover, alfalfa, omhmd grass, '=^7= f Uieir 

These plants liave different adaptations and all do 
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best at any one location. Also, there are otliers tliat respond 
well at certain locations, including alsike clover and bird's-foot 
trefoil. 

Ladino Clover is a giant strain of white clover. It requires 
heavy fertilization and considerable moisture. It is probably the 
most productive pasture crop for areas of heavy rainfall and 
irrigated sections. Ladino cannot be grazed continuously but is 
used in a rotational grazing system. The pasture yield is greater 
when ladino is grown wtli one or more of the grasses. When 
grown alone there is danger of bloat. The greatest value of 
ladino is for pasture. It is seldom made into hay because it is 
so difficult to cure. Excess gro%vth is often used for grass silage. 

Alfalfa has generally been grown for hay only. It will, 
however, furnish an abundance of pasture. Like ladino, it should 
be grown in a mixture with grasses. These two crops are two of 
the foremost milk-producing pasture crops. Alfalfa pasture must 
be rotated, since it will not stand continuous grazmg. It will not 
maintain its stand as long as ladino. 

Orchard Grass is productive and grows early in the spring 
and late in the fall. It responds well to heavy fertilization and if 
seeded in combination witli alfalfa or ladino has a tendency to 
crowd them out. It can be kept in the desired proportion, how- 
ever, by clipping after the rotational grazing period. 

Brome Grass is used extensively in the northern and central 
part of the country. It grows well with alfalfa for either pasture, 
hay, or grass silage. Brome yields well but is not well adapted 
to the southern area. 

Fescue is a grass of many varieties and uses. Kentucky 81 
fescue gives an abundant growtli and holds on well into the 
fall and winter. It is not so palatable and has some limitations 
when used in mixtures. Usually, a mixture of one or both of the 
legumes witli one or two of tlie grasses is used. The specific 
mixture will depend upon the adaptation of the legumes and 
grasses. 

Value. The value of these pastures is manifold. (1) The 
cany’ing capacity is high: sometimes they carry a cow per acre. 

(2) The best pastures will graze a cow per acre with surplus 
pasture during spring or early summer to make into silage or hay. 

(3) A more even feed supply is furnished throughout the year. 
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(4) These crops, «eU fed and the summer, 

earlier m the sprmg, permanent pasture, 

and continue later m the “ " ^d ,rl c<>'« 

^e“nlrSn- a^tf ^r^tlchon at a higher 

^trmanency. There . a hm. to fnt 

mixtures can be maintained. ™ ^^5 one o£ the crops gi\ es 

6 to 10 >ears The mixture may cl^nge as one or 

way to or is cro\%ded out by the other countr>, espe- 

Managcmcnt of Pastures. In as 5 W to SOO 

eially m the East, heasy ” Ued Nitrogen 

pounds of fertiUzer per acre each year are PP 
fertilizer sviU fasor the grasses and may “““j* . of 

arexpense of the clovers Fer.d-« nUo f^- fhn 

weeds as weU as grass so that OTchp^ fertilization is not 

In many of the newer sections, such heavy iermi..i 

“^^ronal Grazing. Pastures consistmg of 

wnth a legume should be grazed in a of *eir 

waU not stand contmuous grazing became of the na 

Eiowth By this system, the COWS are turned on a s^ As soon 

whL It . 4 to 6 mches tall and stdl palace 
L they have eaten the pasture down, they 
second lot, and so on Electric fences are '“'“*1° f 
pastures into smaUer lots. It the cows ''Cep aU m 

tme eaten down, one or more of the lots may hem ^ J 
or sdage to prevent the bad effects of undergrazing 
tures should be kept mowed m order to becP d"'™ * 

In addition, a hgbt harrowing waff scatter the drow ^ j 
Some New Zealand danymen ' have gone a 
practice -rationed grazing.’ Tins system w bmed ^ 
of pasture for the herd every mght the 

grazmg a \ery small acreage completely from one mi g 
next. 

•Hoard* Dmn/man (July 10, 1931) 
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Temporary Pastures 

A temporary pasture lasts for only 1 or 2 years and is designed 
to carry stock only for such a period. On account of the large 
amount of work necessary to prepare the ground and to sow the 
seed, this type of pasture has not been used extensively in the 
past in many parts of the United States. In some sections, how- 
ever, temporary pastures are now being widely used. Their ad- 
vantage is that the yield is very much greater than that of a 
permanent pasture, and that they may furnish pasture during the 
so-called dormant period of bluegrass and other permanent pas- 
tures. 

Stueet clover has been highly re«)mmended for a temporary 
pasture. It is a biennial and seldom blossoms the first year. It 
may or may not be sown with a nurse crop in the spring and is 
often pastured to some extent tlie following late summer. Dur- 
ing the first season, little return can be anticipated from a sweet- 
clover pasture, but during the second year the yield will usually 
be extremely good, especially in tlie early part of the season. It 
has the disadvantage that in at least part of the country its great- 
est yield comes at the time of year when the permanent pasture 
is at its best, and hence it is not a good supplement for these 
pastures. It has a bitter taste and, until the cows become accus- 
tomed to it, some trouble is experienced in getting tlrem to eat 
it. Bloat is sometimes caused by pasturing cows on sweet clover. 

Sudan grass is one of the most popular temporary pastures, 
as it can be planted so as to fit into the time when most needed. 
Since it is drought resistant and is a warm-weatlier plant, it 
should not be planted until die ground has warmed up well in 
the spring. It is a nonlegume, and is often grown with soybeans. 
Sudan grass does not cause bloat like sweet clover, but occa- 
sionally, especially when the growth has been stopped by drought 
or by frost, prussic acid poisoning results with the pasturing 
of Sudan grass. It is important to use certified varieties to min- 
imize the hazard of poisoning. Sweet varieties of Sudan have 
been gaining in popularit>’. They are very palatable and are 
not subject to some of tlie diseases of die common varieties. 
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(4) These crops, svell fed and 

rj r^prodnchoo at a hr^er 

Mmranency There . a hmd .0 

nurtures can be mamlained The pro ^ 

StolOjears The mnrture may change as one of the crop s 

ssay to or ts crowded out hy the other .n. country, espe- 

Management of Pastures In some p^ of the g^O 

crally m the East, heasy appheatrons of as much 
pounds of fertiliser per acre each year are app 
fatilizer wiU fasor the grasses and may „f 

the erpense of the closers Fertrhzers also f‘>'“ 
weeds as sveU as grass so that such not 

In many of the newer sections, such heasy ferbhzabo 

“‘KomMual Grazmg Pasture consisting of one ^ 
with a legume should be grazed in a rotahon ^ 
wiU not stand contmuous grazmg because of the nato 
growth. By this system, the cosvs are turned 
pasture when it is 4 to 8 mches taU and sbll 
as they base eaten the pasture down, they are ^ j 
second lot, and so on Electnc fences are saltiable f 
pastures into smaUer lots If the cows cannot beep all th P 
ture eaten down, one or more of the lots may be mow 
or silage to present the bad effects of nndergr^g Th^^ 
tnres should be Upt mowed m order to keep dossn the 
In addition a hght harrossnng will scatter the dropping 
Some Nesv Zealand dairymen * base gone a stiji , 
pracbce "raboned grazmg.” This system is based on “ 
of pasture for the herd escry raght and mormng after 
grazing a \er> small acreage completely from one milWDj, 
next 

•Hoard* Dairyman (July 10 1931) 
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Temporary Pastures 

A temporary pasture lasts for only 1 or 2 years and is designed 
to carry stock only for such a period On account of the large 
amount of work necessary to prepare the ground and to sow tlie 
seed, this type of pasture has not been used extensively m the 
past in many parts of tlie United States In some sections, how- 
ever, temporary pastures are now being widely used Their ad- 
vantage IS that the yield is very much greater than that of a 
permanent pasture, and that they may furnish pasture during the 
so called dormant period of bluegrass and other permanent pas- 
tures 

Sweet clouer has been highly recommended for a temporary 
pasture It is a biennial and seldom blossoms the first year It 
may or may not be sown with a nurse crop m the spring and is 
often pastured to some extent the following late summer Dur- 
ing the first season, little return can be anticipated from a sweet- 
clover pasture, but during the second year the yield will usually 
be extremely good, especially m the early part of the season It 
has the disadvantage that in at least part of the country its great- 
est yield comes at the time of year when the permanent pasture 
is at Its best, and hence it is not a good supplement for these 
pastures It has a bitter taste and, unbl the cows become accus- 
tomed to it, some trouble is experienced in getting them to eat 
it Bloat IS sometimes caused by pasturing cows on sweet clover 
Sudan gross is one of tlie most popular temporary pastures, 
as it can be planted so as to fit into the tune when most needed 
Since it IS drought resistant and is a warm weatlier plant, it 
should not be planted until tlie ground has wanned up well m 
the spring It is a nonlegume, and is often groivn with soybeans 
Sudan grass does not cause bloat like sweet clover, but occa- 
sionally, especially when tlie growth has been stopped by drought 
or by frost, prussic acid poisoning results with the pasturing 
of Sudan grass It is important to use certified ^a^etles to min- 
imize tlie liazard of poisoning Sweet vancties of Sudan ha\e 
been gaming in popularity Tliey are \ery palatable and arc 
not subject to some of the diseases of the common varieties 
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Other crops that are used in various parts of the country for 
temporary pastures are oats, field peas, millet, and lespedeza. 
All these have been used successfully. The aftermath of red 
clover or clover and timothy hay crops may also be used for 
pasture during late summer months. 

Comparison of Alfalfa, Sweet Clover, and Sudan Grass. The 
South Dakota Station * has made a study of alfalfa, sweet clover, 
and Sudan grass as a pasture for dairy cows. Table XL shows 

T.VBLE XL 

SIlLK AJtD BOTTEnrAT PRODUCED PEB AcRE PER DaT PER SeVSON DT 

Cows Pastured ov ^Vefalpa, Sweet Clover, and Sodas Grass 


Al/alfa Sweet Cloier Sudan Grass 



aidk. 

Butter- 

fat, 

Milk. 

Butter- 

fat, 

Milk, 

Butter- 

fat. 

Year 

pounds 

pounds 

pounds 

pounds 

pounds 

pounds 

1927 

40 2 

1.48 

50.4 

1.83 

• 

* 

1023 

42.0 

0.97 

28 3 

1.19 

40.2 

2.00 

1929 

35.7 

1.04 

43.7 

1.83 

S9.8 

1.82 

1930 

S3 S 

2.29 

• 

« 

50 3 

2.20 

1931 

40.9 

1.05 

58.1 

2.22 

« 

0 


— — 

— — 


1 . 

. - . 


Aserage 

38.9 

l.GI 

45.1 

1.70 

47.4 

2.03 


* No pasture available. 


the amount of milk and butlerfat produced per acre per day per 
season by each of these crops. 

Under the conditions found in South Dakota, Sudan grass, 
though a short-season crop, produced more pasture for the time 
it was used than either alfalfa or sweet clover. It did not, how- 
ever, furnish as many pasture days. 

As a supplementary pasferc, it has the advantage over sweet 
clover of furnishing the pasture when needed. During the season, 
hovvev er, it nviII not produce as many pasture days as sweet clover. 
Three years' trial at the West Virginia Stabon, Table XLI, shows 
that SNveet clover furnishes most of its pasture during the early 
months and Sudan grass furnishes it in the latter part of the 
season. 

• S. D. Agr Eip Sta Bui 265 



248 


Pastures 


TABIX XLII 


Peucextaob or Total DiansTinLE Ncthievts Obtained froji Kte 
Grass and Crimson Clover Pasture Each Yr-ar, and the Average 
TOR 3 Years, ht 28-I)at Periods 


Dates 

28.Day 

Period? 

1910- 

1017 

1047- 

1018 

1913- 

1919 

Three-Year 

Average 

Dec. S-29 

1 

5.3 

10.2 

11.1 

9.6 

Dec. S0~Jan. 20 

a 

lO.C 

7.5 

7.9 

8.3 

Jan. 27-Feb. 23 

3 

14.7 

5.9 

8.0 

8.6 

Feb. 21-Mar. 23 

4 

7.3 

18.0 

11.7 

13.5 

Mar. 21-Apr, 20 

5 

25.1 

30.2 

22.3 

25.8 

Apr. 21-May 18 

0 

37.0* 

24.3 

27.9 

28.4 

May 10 

7 


3.0 • 

11. 1 • 

5.8* 

Total 


100.0 

100. 0 

100.0 

100.0 


• The last entry in tacli year is (or less Uian a full SS-day period. 


until the latter part of May. The data are given in Table XLII. 

Although the heaviest growth was in April and May, consid- 
erable feed was furnished from December to March inclusive. 
There was a total of 167 days of grazing. 

Table XLIII gives the production of milk and the amount oJ 
feed consumed by hvo groups of cows. One group was entire!)' 
barn fed and the other group u-as grazed on r)’e grass and criin- 
son-clover pasture for a portion of their feed. 

The group that was grazed averaged 22 per cent more milk than 
the bam-fed group and consumed only 54 per cent as much bam- 
fed nutrients as the other group. 


table xmi 

Three-Year Average Feed CoxBOjrpriov and Feed Required fob 
100 Pounds or 4 Per Cent F.CLAL on IVinteh Pasture (South 
CaROUSA ExPEHIilENT SiATION) 


F«^dFed 


Concen- Com 

Group iratea Hay sibge 

Control 0.3 17.1 ^.5 

Crazing 0,6 g.g 


Average 

Milk Feed Required /or 100 

Prodartion, Pounds 4 Per Cent F.C.M- 
poundz, - - 

4 Per Cent Concen- Com 

V.C.yi. trales Hay Silage 
*9.7 31.2 57.4 109.1 

86.3 26.5 27.4 • ••• 
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Bloat 

Value. Most of the winter pasture comes from annuals. The 
cost of preparing the land, seeding, and fertilizing, makes it 
more expensive than summer pastures. The value is deter- 
mined not by comparing it with summer pasture, but by the 
value of the barn feeding that it replaces. Also, cows tliat have 
access to pasture are usually belter-fed animals. 


Soiling Crops 

The practice of cutting green crops and feeding them in that 
condition is termed soiling. Tliis is a common custom in Europe. 
It is not practiced extensively in this country, except for short 
periods of time when pastures are short. 

Most any of the high-yielding forage crops are suitable for soil- 
ing crops. By their use large tonnages of feed can be grown per 
acre. 

Tlie labor required to harvest and feed a soiling crop each day 
is such a great disadvantage that few dairymen of the United 
States have used them, except in the specialized dairies of Cali- 
fornia. However, with the more extensive use of field choppers, 
this program is finding more favor. 


Use of Surplus Pasture 

Whenever suflBcient grass is produced for the greater part of 
the pasture season there will be a surplus during the heaviest 
growing period, mainly in the spring and early summer. If this 
surplus grass is allowed to mature, the pasture will lose much of 
its milk-producing value. The amount of pasture that is not 
needed for grazing at this period should be fenced off by elec- 
tric fence. This can be cut for either hay or grass silage. This 
method gives added acreage to graze at other times of the year. 

BLOAT 

Bloat in cattle, which sometimes occurs when animals eat green 
lush legumes, has caused trouble when ladino clover, sweet 
clover, alfalfa and some other legumes are pastured. There 
are certain recommended management practices that will help 
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mmimize this Iroiihle. The general recommendations are: to 
seed a muturc of grasses and legumes instead of n pure stand of 
legumes, to ha\e ssatcr avadablc in the field, or nearb); to have 
cows filled With grass haj* \vl>cn thej are turned on the pasture 
for the first time (a stack of grass hay may bo placed in the 
pasture field)j and for the first few da>s allow the cows to graze 
for only an hour or two, to ^iccustom them to the new feed. 

The stems of grass or hay exert a tickling action on the lining of 
the rumen and stimulate the passage of excess gas through the 
esophagus Legume leaves tend to form a \cr>' soft slimy mass 
that vvdl not stimulate activity of the rumen wall. 

inniGATING PASTUnCS 

The growth of pasture grasses is more dependent upon mois- 
ture than any other single factor. Irrigating pastures from water 



Fic; 23 Imgating pastures (V F t ) 


supplies such as ponds, creeks, and rivers is receiving much at- 
tention When the value of the extra feed is calculated on the 
basis of the cost of bam feedihg that it replaces, it appears that 
e practice is profitable under some conditions 
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Feeding Cows on Pasture 

Irrrigation trials of 3 years' duration conducted at the Tennes 
see Experiment Station resulted m 33 per cent more cow days 
of grazing and 35 per cent more milk produced on irrigated pas- 
ture than on similar pasture that was not irrigated The cows on 
irrigated pasture returned 27 per cent more profit above feed 
and irrigation costs than the other group 

FEEDING COWS ON PASTURE 

As previously noted, pasture is not a concentrate and it is im- 
possible for heavy milkmg cows to consume sufficient pasture to 
furnish the necessary nutrients for their milk production As a 
result, such cows will decline rapidly in their milk production 
after the flush of the pasture is off, unless they are given some 
feed along with their pasture Even the best pastures will 
furnish only enough nutrients for cows producing from 30 to 40 
pounds of milk per day, so that it is necessary to recognize this 
fact and to supply the cows with additional feed before they drop 
too rapidly in milk production After cows once dedme in mdk 
production it is difficult to get them back, hence, less milk will 
be produced during the entire lactation When the permanent 
pasture begins to decline, it should be supplemented with tempo- 
rary pasture, silage, soiling crops, or good hay in addition to a 
gram mixture in order to maintain the milk production 

The economy of feeding grain to cows on pasture was studied f 
with cows being grazed on good bluegrass pasture and limited 
ladmo clover The cows were m various periods of lactation 
and the experiment covered a 4 month period 

There was some profit in grain feeding even when gram was 
charged at §3 00 per hundred pounds and milk was valued at 
$3 00 per hundred pounds At the end of the 4 month period the 
no gram group was producing less than two thirds of the pro 
duction of those fed gram The greater reduction m production 
of the no gram group would be reflected m later winter produc 
tion which would further contribute to the advantage of feed- 
ing gram and offset the cost and labor of feeding 

“ J Dairy Set , 31 696 ( 1948) 

1 Va Agr Exp Sta Bui 428 (1930) 
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TABLE XUV 

T.,a Economy or FEcmsa Gi^rs ™ ' 

^ S.,„eorMJk 
over Cost of 
Gram 

•Milk at MJk at 
$5 00 
per 

Cwt 


^alue 

of 

Grain 


\Alue of 


Pounds 

Gram 

per 

Cow 

CCS 


Cwt 
$30 05 


Pounds 

Milk 

per 

Cow 


$300 

$5 00 

$3J)0 

per 

Pef 

per 

Cwt 

Cwt. 

Cwt 

$110 58 

$104 SO 

$0C 53 

83 55 

150 «5 

83 55 

$ S3 03 

$ 55 05 

$12 98 


Group 
Gram 

So gram 0 J) ^ 

Differanra COS S’O Oo HOI 

The amount of gram mucture to feed will vary 
pasture, the amount of m.lk that u bemg P™duced and the te^ 
of the mdk. A gu.de for feeding cows on pasture u guen in 

Tsble XIIs ui Chapter 11 <iHpn it is 

When the pasture is good, less gram is needed tl’an vhen 

fair Supplemented with abundance of good hay, silag , 

mg crop” the pasture would be considered gmid, but if no «ch 
supplement is available, pastures wdl usually be consider X 
fair, after the flush is off m the spnng Temporar> pastur 
usually classified as good pastures until they are pretty well w 
doNvn It IS usually unwise to feed gram in amounts aboi e 
indicated in the table Supplementary feeds of other kinds shouia 
be supplied if the cows are heavy milkers The amount o p 
tein in the gram mixture for cows on pasture need not be nigu 
when the pasture is good Young pasture grasses and legumes 
are nch m protein. Hence, a gram mixture consistmg of nom 
grown grams and contaimng not more than 12 to 14 per cen 
protem can be fed wth good results As the late summer ap- 
proaches the pasture grasses contain considerably less P*^*®*!^ 
and at that fame the protem content of the gram mixture s ou 
be raised to 14 to 16 per cent. It is seldom necessary to go over 
16 per cent unless the pasture is very poor 
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Some Details 
in Dairy Cattle 
Management 


The man and the cow are the two most important factors m 
profitable dairying The man is responsible for the t>’pe of 
dairying that is carried on He way make it an interesting and 
profitable business or he may allow it to be a job of drudgery 
that returns little for his work 

A good herdsman is not only a lo\er of good cattle but also 
one who has the “know how" and the ability to get the job done 
There are times when be places the comfort and well being of 
his cattle above his oivn desires The pay off job in dairying is 
milking The man handling the herd must be a good milker, 
furthermore, he must see the entire job from the standpoint of 
having the herd well cared for and managed in a sound financial 
way 

HANDLING THE HERD 

Regularity of Care. The dairy cow is a creature of habit 
The same routine of feeding milking, and caring for her should 
be used each day It is desirable that the cow have approxi 
mately the same amount of exercise, and that she be fed and 
milked at the same hour and in the same manner daily No 
system is stronger than its weakest link A change of milkers or 
even a strange feeder or other persons in the bam has an effect 
upon some of the more sensitive animals Most cows can, how 
ever, become accustomed to a certain amount of change 
Kindness in Handling A cow must always be treated with 
kmdness if she is to maintam production The beating of a cow 
should never be tolerated under any circumstances It is not 
25t 
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Handling tlie Herd 

only cruel but it reduces milk production A man who cannot 
control his temper will never make a good dauyman Many 
good herdsmen can go into the field or lot where his cattle are 
loose and pet or catch them without trouble, but when animals 
are handled roughly they will run away from dieir -caretaker 
When they are handled gently and quietly they will go m and 
out of the bam slowly with less disturbance or danger of injury 
Dairy cows should never be burned in going to or from pasture 
or while in the pasture Seldom do dogs have a place in han- 
dling dairy cattle, since most dogs will move the animals too fast 
Dogs around the bam at milking time may disturb the herd to 
such an extent tliat not only the quantity of milk but also its 
composition will be affected 

Exercise Daury cows need only a limited amount of exercise 
The work that they do m eating, chewing, and digesting their 
feed gives them considerable activity Time studies on cows 
show that they spend from 9 to 15 hours out of each 24 lying 
down They do their eating and a part of their ruminating 
while standmg, but most of their ruminating is done while lying 
down They chew each cud 50 to 55 times at the rate of about 
one chew per second The time between swallowing and re- 
gurgitating the next cud is from 5 to 10 seconds 
When cows are housed by the loose housing method the free 
dom of movement will suffice Some herds that are producing 
well are kept in stancluon barns throughout the winter In gen 
eral, however, it seems desirable to give the animals at least some 
exercise, as they seem a Uttle more thrifty and maintain a better 
appetite when they are allowed to exercise A general routine 
is to turn them out for as much of the day as the weather will 
permit Usually, tliey can be turned out for at least an hour or 
two while the bam is being cleaned This enables the dairymen 
to do the cleaning to better advantage and at the same time 
gives the animals a certain amount of regular exercise This ivill 
keep them from getting stiff and possibly lame from being con- 
fined too long 

It IS possible for a dairy cow to ha\e so much exercise that she 
will use up encrg> unnccessanly This is tnie when she is druen 
too far to pasture or when the pasture is so poor that she must 
coxcr too much ground to get enougli feed In extreme cases. 
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iihen cows are used for work animals the amount of milk is re 
duced and the milk solids especiaUy the fat content are lowered 
Grooming Dairy Cows Dairy cows should be groomed daily, 
especiallj in winter It is necessary to remos e dirt and loose hair 
from the cows tor the production of clean milk The appearance 



Fig 24 Cl pp ng itie long hair from the flanlc and udder of a cow makes 
clean milk production easier ( W \ o Unfc ) 

oE the cows too should be m keeping with good care of the 
cattle and sanitary milk production methods Grooming keeps 
the skin clean and stimulates circulation which makes the hide 
and hair smoother and more pliable This causes the animal to 
show more quality and better condition 

The equipment needed for grooming is a blunt tj'pe curr> 
comb for remo\ing the coarse material or manure from the cow 
and a hea%’> bristle brush for the mam grooming job The comb 
should be used gentlj so as not to imtate the hide Some herds 
men like a rubber currycomb It is easy on the hide and is a 
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good tool to remove loose dirt and hair. It is not satisfactory on 
soiled areas. There is an electrically operated, revolving bristle 
brush on the market that does a satisfactory job of grooming 
cows, except on wet areas. 

Clipping. One of the greatest aids in keeping milking cows 
clean is to clip the belly, udder, and the rear portion of the ani- 
mal, including all area back of a line from in front of the udder 
to the tail head. Clipping this area removes the long hairs 
where the cow is most likely to be soiled when she lies down. 
Bedding and manure will not adhere to short hair to the same 
extent as to long hair. Any that does is easier removed. 

This type of clipping is different from that used for fitting cat- 
tle for a show or sale. The purpose is different and the area 
to be clipped is determined by the part of the cow that has to 
be cleaned the most. 


Dehorning 

Cows in commercial herds should be dehorned. This state- 
ment should probably include all dairy cattle. A few breeders, 
however, retain the horns on their cattle for sale and show 
purposes. This is more common with Jersey, Ayrshire, and 
Guernsey breeders than with Holstein and Brown S\viss breeders. 
It is questionable today whether the horns on dairy cattle are 
as important in the shows and sales as some breeders seem to 
think. The dairy cattle score card, as approved by the Purebred 
Dairj’ Cattle Association, does not discriminate against the ab- 
sence of horns if the animal has been cleanly and neatly de- 
horned. 

Cows with horns endanger one anotlier, especially by injur- 
ing the udder, ramming cows against posts, and knocking down 
hips. Dehorned cows can be kept together in closer quarters or 
yards without danger. They can be fed together with more uni- 
form consumption of the feed by all animals. They \vill be 
quieter, which allows them to make better use of their feed. 

There are polled strains in each of the dairy breeds. They 
have been developed to bring about n hornless condition, without 
the operation of dehorning. This is certainly a desirable diar- 
ncteristic. In selecting foundation animals, however, all inherited 
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characlenstics must be considered and those of more commer- 
cial value should not he sacrificed m order to get the polled 

character - 

Methods of Dehorning The horns may be removed from tne 
joung calf by the use of causUc, other chemicals, or wth an 
electric dehomer men the calf is 2 or 3 months of age a gouge 
or a Bames dehomer can be used Older cattle can be de 
homed with horn clippers or a saw 

Removing Horns wtoi Cauctic This method destroys the 
horn cells in the buttonlike rudiments of horns on the calf before 
It IS 10 days old A stick of caustic potash (potassium hydroxide) 
IS used The hair around the buttons should be clipped close 
and a nng of grease, such as vaseline, put around the button to 
protect the surrounding skin from the caustic The caustic stick 
should be slightly moistened and nibbed over the button until 
the skin begms to slip and blood appears This should be care 
full) and completely done, otherwise, some of the horn cells may 
not be destro)ed and a scur, or small abnormal bom, ma) de 
velop The caustic should be wxapped m a paper to protect the 
operator’s hands In a week or 10 days the scab that forms 
should drop off A caustic paste may be used instead of the 
caustic stick The same procedure is used except the paste is 
applied to the button vMth a small paddle and left on it This 
paste is available in the form of various commercial products 
Removing Horns wttii Other Chemicals Workers at the 
Wisconsin Station " reported effective dehorning with a solution 
containing antimonj tnchloride salic>lic acid and collodion 
This should be used on the calf by the time it is 10 da> s of age 
Commercial preparations of this muture and others are a\ ailable 
on the market 

Electric Dehorn'ebs The electnc dehomer is relatn el> new 
LaMaster of Clemson College did some of the first v%ork in de 
\ eloping it The dehomer is designed similar to a high tempera 
ture soldering iron w^th the iron being round and hollow at 
the end The iron is heated to a temperature of 900 to lOOO’F 
Tlie end is placed over the horn to destro) the horn producing 
cells at the base of the button This requires 5 to 10 seconds 


• ; Dairy Sci 31 6^3 ( 1948 ) 
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The side of the dehomer is then applied to the tip of the horn to 
complete the job. 

Gouge and Bames Dehomer. After calves are 2 or 3 months 
old the previous methods will not work. The horns are devel- 
oping at this age but are not attached to the bony structure of the 
head. The gouge or Bames dehorner can be used to remove the 
small horns. Considerable bleeding will follow but should not 
be dangerous. The advantage of this system is that the age range 
is greater, and more calves can be dehorned at the same time. 

Clippers or Saw. After horns are partially or fully grown they 
can be taken off with horn clippers or a saw. Usually clippers 
are used on immature animals and a saw is used on mature cattle. 
The operation should take place when the animal is a long year- 
ling or older. If done at an earlier age, stubs are likely to de- 
velop. The best time to remove horns is in the fall or spring. 
It should not be done during fly rime or in cold, rainy weather 
unless the animal is well protected. Whichever installment is 
used, the practice should be to remove the horn as near to the 
head as possible. When a ring of hair at the base of the horn 
is removed with the horn it is seldom that even a stub will grow. 
If there is considerable bleeding or if it is necessary to dehom 
during fly time, it is advisable to cover the wound with pine tar 
or cotton soaked in pine tar. 

To alleviate the pain, especially in older animals, an anaesthesia 
may be injected behveen tlie horns. ^Vith its use there is very 
little drop in milk production. Otherwise, there may be a slight 
drop for 2 or 3 days. W’hen the dehorned animals are protected 
from extreme cold, wind, rain, and dust there are seldom any ill 
results from dehorning. It is a wound and can be infected; 
therefore, the protection indicated above should be given as 
needed. 

Trimming Hoofs 

Cows that are kept in the bam for several months often de- 
velop long and misshapen lioofs. When on pasture, cows usu- 
ally keep their hoofs worn evenly and to a normal size. Some 
cows, however, appear to have hoofs so hard that they do not 
wear down. Other cows do not walk squarely on their feet and 
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wear their hoofs une%enly This is often true of cows that ha^e 
foot rot 

The hoofs should be trimmed when they are too long or are 
uneven, other^\’lse the long toes may break off and cause 
lameness 

The trimming should be done largely from the bottom of the 
hoof with a chisel pincers, hoof knife, and rasp Extreme!) long 
hoofs may be cut back on the front and side before the bottom 
IS tnmmed This may be accomplished w itb pincers, or the foot 
may be set on a solid board and cut with a chisel 

Care must be taken not to cut too far back or too deep as there 
IS danger of cutting mto the quick, which may result m lameness 
and foot mfection 

The front feet of most animals and all feet of some animals can 
be tnmmed without throwang the animal A stock for confining 
the animal and secunng the feet firml) makes the job mudi 
easier and a better job is done 

With some bulls and cows it is necessary to throw them and tie 
their feet securely The throwing is easil) accomplished by the 
use of a long rope used to make two half hitches around the 
body 

A cow that cannot walk well will not do her best in milk pro- 
duction A bull with long and misshapen toes ma> have diffi 
culty in serving cows 


Watering 

Dairy cows must consume large quantities of water for the 
production of milk. The amount that a cow will dnnk depends 
largely upon the outside temperature the kind of feed eaten the 
amount of milk the cow is producing and the temperature and 
cleanliness of the water A large cow producing 25 to 30 pounds 
of milk daily and eating both dry and succulent feeds will easily 
dnnk as much as 100 pounds of water per day The Idaho Ex 
penment Station * found that, under ordinary conditions dry 
cows consumed 733 pounds of water per day medium producing 
cows (30.2 pounds of milk) consumed 1097 pounds per day and 
heavy producing cows (82.4 pounds of milk) consumed 1914 
• / Dairy Set 17 263 
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pounds per day. It is apparent that a large amount of water is 
necessary even for dry cows. The importance of having water 
before the cows at all times can easily be seen. 

A cow wll not drink all the water she needs for the most profit- 
able production of milk unless she can get it frequently, without 
discomfort, and at a temperature not below that of well or spring 
water. Many dairymen are using automatic drinking cups in 
tiieir bams in order to supply these conditions. 

Some persons have believed that soft water was more desirable 
than hard water. Studies at the Virginia Station * showed no 
difference in water consumption or in milk production of cows 
from the use of either soft or hard water. 

If the weather is warm, more water is required than in mod- 
erate or cold weather. Cows will drink up to twice as much 
water in hot weather as in cold winter weather. Since cows do 
not sweat, or, if so, relatively little, they eliminate more water 
as urine in hot weather in order to cool the body. If the feed 
is of a succulent nature, the cow will consume less water than 
if she were fed dry feed. 

In experiments at the Beltsville Station,! average-producing 
cows were watered once a day, twice a day, and at will from 
watering cups. The cows watered once a day drank less and 
produced less than those watered twice a day, and the cows 
watered t^vice a day drank as much but produced less than those 
watered at will. It was found that the higher the production the 
greater the benefit derived from frequent watering. The cows 
consumed about 4 pounds of water for each pound of diy matter 
consumed. 

The Iowa Station | found that dairy cows watered by means 
of water bowls in the barn consumed approximately 18 per cent 
more water and yielded 3.5 per cent more milk and 10.7 per 
cent more butterfat than cows watered twice per day at an out- 
side tank. Cows in the bam drank an average of 10 times per 
day, consuming two-thirds of their water in the daytime and the 
other third at night (5 p.m. to 5 a.m.). The cows watered out- 
side twice per day in very cold weather drank only once per 

• ;. Dairy Scl.. 33:993. 
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da> about 30 per cent of the time Die amoimt 

sumed Mas about 30 to SS pounds of uater for each pound o 

milk produced . ^ 

111 cold Mcathcr the ecus Mill drinh more Mater if it is shglitl 
Manned Die cconom> of this practice depends on the clima 
Ordinarilj, if water is given in the bam at Mill, cither in vva c - 
mg cups or in a tanh, so that they can drink small quantities a 
frequent intervals, no advantage will result from warming it 
Die size of the water tank needed depends on the number 
cows to be watered, how often they have access to it, its rate ot 
supply, and the number of times the tank is to he nlle eac 


If the lank is to hold a day's supply, IS gallons per covv should 
be allowed TOitn cows are watered twice a day, allowance 
should be made for 10 gallons capacity per covv, esrept where 
the water is replenished qu«cU> WTicre cows have fr« acc« 
to the water tank, a float valve can be used to keep the vva er 
level constant A small tank will suffice with this arrangemen 
One cubic foot of water is approximate^ IV. gallons 

A water tank, no matter where it is located, needs a pa' 
apron around it Otherwise, a mudhole is almost sure to develop 
The availability of abundant water in summer is even more 
important than it is in winter It is, however, more often taken 
care of automatical!) Springs and streams in pastures are valu 
able assets The cow should have access to water continuous y 
and at not too great a distance 


THE DRY COW 

Three methods of diying off the cow are in use namely, m 
complete milking, intermittent milking, and complete cessation 
A stud) at the Minnesota Expenmenl Station * showed that com 
plete cessation of milking can be recommended safel) with cows 
producing as much as 20 pounds of milk daily Cow s w ere dned 
oE in less time with this method than with the other two, an 
no significant diEerences were noted in the quantity and quality 
of the milk m the following lactation In drying a cow by this 
method, the udder fills until pressure great enough to stop secre 
• / Dairy Sa , 16 69 
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Care of Dry Cow 

tion is developed in the udder. After secretion stops, the milk 
is gradually resorbed from the gland until it becomes dry. The 
cow should not be milked during the resorption period as this 
releases the pressure within the gland and secretion is again 
initiated, resulting in a prolonged period of drying oif. 


Care of Dry Cow 

The dry cow may be allowed to continue to run with the 
regular herd. Often her stall is needed, however, and dry cows 
are handled in another barn. Either method is satisfactory, so 
long as she is handled and fed to condition her for freshening. 

When close to calving time, the cow should be isolated from 
the remainder of the herd. This can be done in a clean, well- 
bedded stall or in warm weather in a separate pasture or lot. 
By use of the breeding date and a gestation chart the herdsman 
can know about when to expect the cow to calve. There are, of 
course, variations from the average. 

As the cow nears calving time the udder will fill up and the 
teats will become distended. When there is much swelling 
(edema) in the udder, it usually begins at the bottom and 
moves upward. This is especially noticeable on the rear udder. 
By calving time this swelling will extend up next to the body 
of the cow. Other indications are the swelling of the vulva 
and the relaxing of the muscles around the tail head and the pin 
bones. The cow usually shows restlessness and in a field will 
seek out an isolated place. 

The majority of cows will not need any help with calving. 
However, occasionally they do need help. An alert herdsman 
will keep an eye on the cow but not disturb her unless she 
shows evidence of needing help or delays calving too long after 
labor begins. The heifer uith her first calf is slower in calving 
than an older cow. Immediately after calving the cow will be 
thirsty from loss of fluids, and she should be allowed to drink a 
quantity of warm water and in cold weather to eat a warm bran 
mash. TIjcsc will warm her system and stimulate her. It is 
thought to help expel the afterbirth or placenta. Drinking cold 
water or chilling from drafts or lack of protection tend to cause 
the retention of the afterbirth. 
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W^ien the afterbirth is passed it should be removed from the 
stall In the state of nature the cow consumed the afterbirth 
The reason for this instinct is that in the wild state, with poor 
nutntion, the cow maj have needed the nutnents m the after 
birth Also, she may have cleaned up any evidence of the new 
birth to prevent attach by maurauding animals Tlicre is no 
evidence to prove that the modem cow needs to consume the 
afterbirth 


IDENTIFICATION OF CATTLE 

It IS necessary to have some means of designating and identify- 
ing the animals in a herd Many dairymen name their cows but 
do not have identifications except as they know them This may 
work very well in herds so small that one can keep in mind all 
the animals In larger herds and m all purebred herds it is 
never safe to depend on memory Some method of marking must 
be used 

Animals can be marked and identified by eartag, tattoo, num 
ber tags attached to straps or chains around the neck or horn 
chams, branding numbers on horns or hips, car notches, photo- 
graph, or by color sketches 

For Registration Purebred animals to be registered must hav e 
a permanent identification Color markings, which do not change 
With age, are used by^ some of the breeds The spots on the 
broken-colored animal can be sketched on a cow outhne, or a 
photograph may be taken With solid-colored breeds, a tattoo 
in the ear is required 

Eartag The most common method oF marking and identify 
ing dairy cattle is by metal eartags placed m their ears These 
tags have numbers or numbers and letters stamped on them 
TTie standard Dairy Herd Improvement Assoaafion method of 
identification is the eartag The calf is eartagged by the Dairy 
Herd Improvement Association supervisor when it is a month or 
less of age and its identity recorded Practically all cattle that 
are tested for Bang s disease or tuberculosis are eartagged The 
few exceptions are registered cattle that have registration papers 
a\ailable for identification 



265 


Vices of Cows 

Tattoo. Animals with light-colored ears can be tatooed in the 
ear. The tattoo does not show too clearly in black colored ears. 
The method is to punch several small holes with a die in the form 
of numbers or letters through the skin on the inside of the ear 
and then fill them with tattoo ink. If done correctly, this is a 
permanent mark. Its disadvantage is that the animal must be 
caught and the inside of the ear cleaned to be able to read the 
identifying marks. 

Number Tags. Metal tags, large enough to be read at a dis- 
tance, are quick means of identifications. They may be fastened 
to a neck strap or to bom chains. There is a chance that they 
may be lost. A chain can be fastened with a padlock. 

Branding. Branding numbers and letters on the horns or on 
the hip can be done with either branding irons or a branding 
fluid. This method is seldom used with dairy cattle. 

Ear Notches. Notches cut in the ears make a rather easy 
method to identify animals. A notch represents a number de- 
pending on its location, whether in the top, bottom or end of the 
ear, and also, which ear it is in. Few dairymen are willing to dis- 
figure the ears of their cattle in diis way. 

VICES OF COWS 

Cows may develop certain habits that range all the way from 
being a nuisance to rendering the animal almost useless as a 
dairy cow. For example, occasionally there is a cow which can- 
not be left in the bam witli a drinking cup with a paddle valve 
because she wiii flood the bam. 

Sucking. Probably there is no more difficult problem to deal 
with than an animal tliat sucks another cow or herself. Often, 
there is much difficulty with calves sucking each other during the 
milk-feeding period. However, the problem is not limited to 
calves. Young calves can best be kept in individual pens or 
tied so that they cannot reach eadi other. With older heifers 
and cows, a more difficult problem prevails. Separating the ani- 
mals concerned may be the easiest and most successful method 
if it can be done. Many patent devices are partially effective 
for overcoming this habit, such as muzzles with sharp prongs in 
them. Most of these require some attention. If they arc used 
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on cows that suck other cows there is some danger “f 
to the udder A simple method that is helpful in controlling 
sucking but not always effective, is to put a bull ring m the cow s 
nose and attach o or three other nngs to it A special ring th 
has some sharp prongs soldered on to it is ^e^y effective J 
ring needs no attention and does not interfere with the animal 
eating but does interfere when she attempts to suck. anj 
other devices have been tried but sometimes nothing will vvorK. 

Kicking Some cows develop the habit of kicking throug 
improper treatment, whereas others are charactenstically vicious 
Of the latter class, there are fortunately very few Practica y 
always, if the animals are carefully handled, especially dunng e 
first days of milking of their first freshening, they wil be quie 
milkers Should they give difficulty, the teats and udder shouia 
be examined thoroughly for soreness and injuries Patience an 
kindness for a few days will pay dividends in quiet cooperative 
cows later Some cows do not respond and remain vicious 
they are good producers and if it appears wise to keep them, t ey 
may be milked by securing them m various ways One memo 
is to tie the head high Another is to tie a rope around the bo > 
of the cow just in front of the udder With many cows, a e 
this method has been used several times, it may be necessary 
only to throw the rope over the back In severe cases an i 
kicking chains can be used A clamp fils over each hock and a 
chain fastens them together This gives the cow little freedom to 
kick Sometimes a piece of rope is used to tie the hocks to- 
gether . ^ 

Some men develop confidence in their cows and can get alon^, 
in handling and milking them with little difficulty Others seem 
to keep the cow afraid and on the defensive In rare cases nerv 
ousness and viciousness may be inbented This is a character 
to consider in selectmg cows for foundation animals 

Fence Breaking Usually cows break, crawl through, or jump 
fences because they have little to eat within their boundary 
few just seem to think the grass on the other side of the fence is 
greener There is bttle that will stop a roguish cow excep 
good fences 
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ARRANGEMENT OF COWS IN THE BARN 

There should be, if possible, a systematic method of arrang- 
ing cows in the barn. Each dairyman can choose the arrange- 
ment that is best suited to his bam, the layout of his work, and 
the one that would be the greatest help to him in his work. 

By Size. It is advisable to construct the dairy bam with stalls 
of varying lengths. The cows can then be lined up in the row 
according to size. With this plan it is best to have the young 
cows or smaller ones at the entrance end of the bam. They will 
learn dieir stalls more quickly than wherQ they must go the full 
length of the alley past all the other stalls. 

By Sires. Breeders of purebred cattle like to have all the 
daughters of a bull together. This is especially effective in show- 
ing animals to prospective buyers. When so grouped, they can 
be more carefully and tlioroughly evaluated. Often, the different 
qualities of first-calf heifers by a sire will be more easily seen if 
they are together than if they are scattered throughout the 
bam. In a specific case, ten daughters of each of two bulls 
freshened about the same time. They were scattered throughout 
the barn and produced about the same amount of milk. Later, 
however, when they were grouped according to sires, a specific 
characteristic became evident. The group by one sire had more 
quality in their udders and were easier to milk. This diaracter- 
istic was much more evident when the young cows by different 
sires were milked by groups. 

By Health of Udder. When mastitis is an active problem in a 
herd, the cows should be arranged according to the health of the 
udders. The clean, first-calf heifers should be milked first; then 
the older cows that have no history of udder trouble; next, 
clean cows with a history of udder trouble, and last, the cows 
that, at the time, have mastitis in any form. 

By Ease of Milking. Tlie easy-milking cows may be placed on 
one end and liard milkers on the other, with medium milkers in 
the middle. With tliis arrangement the easy milkers can be 
milked first with the mord difficult ones left until last when 
more time is given to milking them out clean. Some dair>'men, 
however, prefer to begin on the hard milkers and get them 
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miaed first while the men are fresh on the job Either method 
gives satisfactory results if earned out properly 

NAME PLATES 

Good management of milLing cows dictates that “ 
plate be placed over or in front of each stall, which shoul g" 
the cow s name and her produebon In purebred herds 
an adv antage when showing the cattle to vusitors and prospectiv e 
buy ers Tbe name cards should be cov ered wutb glossy ismglass, 
acetate paper, or some other transparent material to protect them 
and Veep them clean 

TRAINING ANIMALS TO LEAD 
In most herds animals must be handled at \anous times To 
maVe this easier, it is desirable to breaV all cal\es to a 
and tram them to lead Calves are not difficult to tram when 
6 to 8 months of age They are twchable and not large enougn 
to be difficult to control A simple device for helping to baiter 
break calves and teach them to lead can be made A wagon 
axle IS set m the ground The wheel is placed on it and arms are 
fastened on the w heel The calv es are tied at the end of the arms. 
Four to SIX calv es can be handled at a time It is sim Jar to a 
mmiature bull exerciser The purpose is not to exercise the ^ 
but to let them become famQiar v^^th a halter tied to a movsi ^ 
object It does a part of the man work usuall) required The 
need for training calves is greater m registered herds than m 
grade herds Wlien animals are showm or taken to sales thev 
should be trained to lead welL 

PAINT 

Dairy bams that are used for producing milk for the fluid milk 
market are required to be either pamted or whitewashed on the 
inside The appearance of the uitenor is enhanced and ma e 
lighter It IS easier to do a better job m tbe bam when there is 
more light 
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Paint will last much longer than whitewash, but is more ex- 
pensive. When paint is used anywhere around the barn or else- 
where that cattle can get to it, a nonpoisonous paint must be 
used. Lead paint is poisonous. Many cattle have died of lead- 
paint poisoning. They can get it by licking or chewing on painted 
boards. An almost empty paint pail is often the villain. A 
zinc base paint can be used. 

For a long period of time it has been customary to paint the 
walls of the bam gray, up to the base of the windows, and to 
paint the remainder of tlie walls and Uie ceiling white or a very 
light color. More recently, various colors are being advocated 
and used. Such colors as buff, light green, and light blue are 
proving satisfactory. 


WHITEWASH 

Whitewash is excellent to use in all dairy buildings. It is simple 
to make and easy to apply, is a mild antiseptic, and is perfectly 
safe. The following formula has been recommended by the 
United States Department of Agriculture. 

‘Take a half bushel of unslaked lime, slake it with boiling 
water, cover during the process to keep in steam. Strain the 
liquid through a fine sieve or strainer, and add to it a peck of 
salt previously dissolved in warm water, 3 pounds of ground 
rice boiled to a thin paste and stirred in while hot, % pound of 
Spanish whiting, and 1 pound of clean glue previously dissolved 
by soaking in cold ivater, and then hang over a slow fire fn a 
small pot hung in a larger one filled with water. Add 5 gallons 
of hot water to tlie mixture; stir well; let it stand a few days 
covered from dirt. It should be applied hot, for which purpose 
it can be kept in a kettle or a portable furnace. Coloring matter 
may be added as desired. When a less durable whitewash will 
answer, the above may he modified by leaving out the whiting 
and glue and omitting the boiling. It need not be applied hot 
and may be applied with a spray pump.” 
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BEDDING 

Some sort of bedding is necessary to pronde comfort for the 
animals, to keep them clean, and to absorb *e /.quid manure 
The amount of beddmg requmed depends upon the kmd ot 
that IS m the bam, and the method of keeping the cows 
With a corkbnck or wtloden floor less bedding is needrf tliM 
if other matenals are used Less bedding is also needed if the 
cows are fastened m stanchions with stalls of proper length than 
if they are fastened with chains or left loose m a box stall 
The common matenals used for bedding are straws of 
kmds, com sto%er, shavings, and sawdust The best kind de 
pends upon local conditions On most farms sufficient s^w 
a\ailable, so that the problem of the proper kmd of bed^g ^ 
easil> solved In many cases com stover can be shredded an 
used for beddmg It makes very satisfactory bedding matenaw 
If the beddmg has to be purchased the relativ e pnces or tne 
various beddmg matenals will usually be the deciding factor 
Shavings have been used extensively in many dames with goo 
success They have the advantage that they are clean and give 
the stable an appearance of cleanliness, which no other matena 
can do Shavings can be purchased in carload lots, m bales 
which are easily stored and handled In regard to cost, e 
West Virginia Station found that they were the cheapest an 
most satisfactory bedding that could be obtamed Soft w 
shavings have a ver> much greater water holding capacity t n 
those containing sortie of the hard woods, and are greatl> to ® 
preferred 

The absorptive properties of different bedding matenals are 
given by Doane * m Table XLV 

The fertilizmg value of the straws and com stover is muc 
greater than of either shavings or sawdusL Some danymen are 
Ending that cut straw is more economical than long straw The 
absorptiv e pow er is not changed but less short straw is w asted > 
undue amounts being worked back into the gutter 

The bedding cannot be used too spanngly if the cows udders 
are to be protected and the cows kept clean In tnals at the % w 
• ild Exp Sla Bui KM 
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TABLE XLV 


Absorptive Properties op Bedding Material 


Material 

Water- 
Absorbing 
Power of 
Bedding 

Pounds of Bed- 
ding Required 
to Absorb 
for 24 Hours 

Cut stover 

2.5 

4.0 

Cut wheat straw 

2.0 

5.0 

Uncut wheat straw 

2.0 

5.0 

Sawdust 

0.8 

12.5 

Shavings 

2.0 

4.4 


ginia Station, large cows in stanchions and tie stalls required 6 
to 8 pounds of long straw or about 30 pounds of sawdust per day. 

In loose housing approximately twice as much bedding is re- 
quired as in a stall bam. This depends a great deal on the kind 
of bedding material and whether or not the cattle are fed and 
watered away from the bedded area. 

MANURE DISPOSAL 

All manure should be removed from the dairy bam twice a day. 
There are several methods of handling it. In small bams it may 
be removed with a wheelbarrow. In larger bams it may be 
handled with a litter carrier. The carrier may run on a track in 
tlie litter alley or preferably mounted on a small rubber tired 
hand truck. With these methods the manure can be loaded di- 
rectly onto a spreader and spread at once on the field, or accumu- 
lated in a manure pit, where it will remain until later to be spread 
upon the land. This will require additional handling of the 
manure and is expensive. If a pit is used it should be not less 
than 50 feet from the bam for sanitary reasons. Where the cows 
face out, there is only one litter alley. The manure spreader 
may be driven through it and the manure loaded directly on to 
the spreader. This saves extra handling. 

Several makes of mechanical gutter cleaners are on the market. 
These have proved quite satisfactory and take the drudgery out 
of one of the hardest and dirtiest jobs on the farm. By their use 
the manure is removed from the bam and loaded onto the 
spreader. 
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Whatever method is used, the manure. especiaUy in warm 
weather, should not be allowed to collect in the pit or m a pile 
for any great length of time, smce it is an exceUent breeding 
place for flies The prachce of dumping the manure m a pile 
where the ram will wash out much of the fertilizing constituents 
should never be allowed Properly preserved manure vvih return 
to the soil about 75 per cent of the fertilizmg value of the teed, 
but manure exposed to the weather loses a large percentage ot 


its value , 

The liquid part of the manure is nch m nitrogen and potas 
Slum Sufficient bedding should be used to absorb all the liqui 
in order to save its fertilizing value In the summer many dair>' 
men place a small amount of bedding m the gutter each day just 
to absorb the unne In a hmited number of cases the hquid is 
drained oB into a tank From there )t is pumped into a 
liquid tank spreader and taken to the field With this method, 
only a limited amount of water should be used for washmg down 
the bam and gutters Otherwise, the water will dilute the unne 
and increase the amount of liquid to handle. 


FLIES 

Fhes are a great annoyance around the dairy bam and to the 
cows in the field Dauymen should, as far as possible, destroy 
the breeding places of flies They should keep the manure we 
cleaned out and all other breedmg places cleaned up 

Effect of Flies on Milk Production. The California Ezper** 
ment Station " found that an exceedmgly large number of fhes 
reduced milk production from 1 4 per cent to 9 3 per cent It 
was formerly belie>ed that one of the mam reasons for the de 
creased milk flow m the late summer was torment of the flies 
The explanation of this is that the appearance of flies m 
numbers is coincident wth the drying up of the pastures and 
the beginning of summer heat, so that dair} men attributed to the 
flies the additional loss m production which was caused b> hot 
weather and insufficient feed 


•/ Dairy Sei. 19 11 
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Oil Speays. The old-type oil sprays were found to be detri- 
mental to milk production. They remained on the hide and hair 
to be effective over a longer period. In so doing they caused 
the hair to be matted with oil and dust. The spray thus had an 
adverse physiological effect upon the cow, increasing the body 
temperature and rate of respiration. The newer type oil sprays 
are volatile and do not have the same criticism as the old gummy 
types of sprays. 

New-Type iNSEcncroES. During World War II and since, a 
number of new chemical insecticides have been developed. DDT 
(Dichlorodiphenyltrichloroethane) was first used extensively. 
Generations of flies gradually built up a resistance to it and it 
was not so effective as when it was first used. Then, too, it was 
found that when used on milking cows and in dairy bams it could 
be carried over to some extent into the milk. When animals are 
fattened, DDT may be desposited in the fat. DDT is not now 
recommended for use on milking cows or in dairy bams. To\a- 
phene may be used to control flies on cattle, except milking 
cows. 

Methoxychlor is the spray most generally recommended for 
fly control on dairy cattle, in dairy barns, and in milk houses. It 
is a residual spray. On cattle it can be expected to last from 3 to 
5 weeks. In the bam it will be effective much longer. Three 
applications will take care of the bam all summer. With cattle, 
rains will ultimately remove the residue. Bmshing the cows will 
manually remove some of it, and in dry weatlier dust may coat it 
over and reduce its effectiveness in killing. Lindane is another 
spray recommended for a residual spray in the bam, milk house, 
and on cattle, except for young calves. 

Tliese insecticides are slow killers. A fly will absorb enough 
of the chemical in a few seconds to kill it, but it may take several 
minutes or hours to make the kill. Pyretlurum sprays are fast 
killers and can be used to supplement the others. This is an 
oil-base spray and must be used with care if it is used on animals. 
All these insecticides are poisons. They should be used with 
reasonable precautions. Mangers and water cups should be cov- 
ered when the bam is sprayed. Likewise, all feed should be 



274 Some Details in Dairy Cattle Management 

protected from the spray. No doubt new chemicals wll be dis- 
covered and produced, ^vhlch may be even more effective 

Flies are annoying to man and cow, they are unsanitary They 
spread certain diseases They may contaminate milk. Every pre- 
caution should be taken to control them. 
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Milking the 
Daily Herd 


Milking is one of the most important jobs on the dairy farm. 
It is important because tlie amount of milk that a cow will give 
will depend to a certain extent on how she is milked. A cow 
may be fed and treated as she should be, but unless she is milked 
properly she will not produce her maximum, and a loss in milk 
flow and in profits will result. Milking also requires more time 
than any other one job in the production of milk. Studies ® t 
have shown tliat from 48 to 68 per cent of the time spent in 
caring for the milking herd and handling the milk is required 
for the milking operation. 

Milking is not an easy task and is one of the least-liked jobs on 
the farm. This is true because on many farms the milking chore 
is something attached to each end of a days work and is not a 
definite part of that day’s work. Although the milking job may 
represent on many farms only a small part of a man’s work, it 
should be a definite and regular part and should be performed 
at an allotted time. The milking hour should be respected and 
not encroached upon by other jobs. Under such circumstances, 
milking is not disliked, and may even be preferred to many other 
tasks. In large dairies, milking may be the main duty of a cer- 
tain worker, but whether in small or large herds, the persons 
responsible for the milking should do it regularly, except when 
relieved by a relief milker. 

A Good Milker. A good milker is one who likes cows and who 
is gentle with them. His hands should be soft and pliable. The 
operation of milking should be uniform, rapid, and continuous 
until all the milk has been drawn. After it is once started, the 

* Quart. iBul, 30.15. 

1 ifd, Exp. S(a. Bui. A46. 
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operation should not stop until the cow is completely mdl^ed 
In milkmg, the hands should be dry, the practice of wetting 
them before or dunng milking is unsanitary The method of 
milking should imitate that of the calf as c]Qse\y as possible The 
operation consists of an upward movement followed by a down 
ward pull accompanied by pressure The whole hand should 
be used, not merely one or two fingers Unless the teats are 
small, the squeezing should be accomplished by closing the 
whole band, first at the top of the teat, to check the backflow of 
milk, and then on the rest of the teat 

A good machine milker must kmow the operation details of 
his machine and be able to keep it in the best operating condi- 
tion He should be able to recognize abnormal conditions of 
the teats and udder by sight and feel He should be able to 
mo\e about the cow gently and quietly to avoid making her 
nervous and afraid A good milker is a skilled workman— rapid 
efficient, gentle, and clean Such milkers will get more and 
cleaner milk from a cow than wll a sloiv, inefficient, and careless 
milker 

MANAGED MILKING 

Research work has resulted in great improvement m the milk- 
ing operation, particularly in the use of the milking machine 
Managed milking is fast milking, although milking a large num 
ber of cows in a short time js not necessarily managed, or efficient, 
or even complete milking The term managed milking” is 
much more descriptive than is fast milking or 3-minute milking 
It does not mean that the milker must work faster, but it does 
mean that cows can be milked m less time and with less hard 
work 

A managed milkmg program is made up of several coordinated 
steps that are given m detail m the following discussion 

Preparation for Milkmg In preparing for milking, the milkmg 
bam or milkmg parlor should be clean and free of dust and 
odors The equipment should all be assembled, the milker should 
be readv to give the milking job hw undivided attention and the 
cow should be prepared for a quick “let down” of her milk 

AssniBUsc TiiE Cows Previous to milking time, the cows 
should be brought into the bam and groomed This will g*' ® 
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time for the cows to get settled and quiet, and for the milker to 
have them cleaned before milking begins 

Feeding It is a common practice to feed the cows their gram 
some time before milking so that they will have it completely 
eaten when milking starts However, the time of feeding i aries 
with individual dairymen Some feed their cows when the milk 



Fig 25 Udder before let down of milk (W Va Univ ) 


mg starts and a few wait until they are through milking before 
feeding The cow is a creature of habit and will adjust herself 
to any of the above feeding routines if it follows every milking 
Feeding before milking is the most convenient from a manage 
ment standpoint and is generally practiced If a cow is trained 
to be milked while eating she expects to get her feed then and 
will not milk completely if she is not given her gram The feed 
m this case is a part of the let do^vn stimulus Those who tram 
their cows to be milked first and fed later do not want their cows 
to be interested m getfang tlieir feed and stretching iround for 
it while they are being milked 
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Equep^ient The equipment used in the milk room and milk 
mg bam should be prepared and assembled before milking time 
A milk equipment cart is convenient for handling the milking 
equipment m the bam and movmg it from the milk room to the 
bam and returning it when milking is completed 

Operator. The milker should ha\e his work organized so that 
he does not ha\e other jobs to look after during the nulkmg 
penod Such jobs as bmshing the cows, breeding, feedmg 
calves etc , should be done before or after the milkmg penod 
Number of MiLKiNC-MAaiiNE Ustts The number of milker 
units that a milker should operate depends to some extent upon 
the indiv idual One should use the number that he can operate 
most efficiently If a person is rather slow and cames his own 
milk to the milk room, one unit is probably all that he can handle 
efficiently A milker who works fast can handle two units with a 
helper carrying and weighing the milk. It is the unusual milker 
who can handle more than two units and operate them efficientlv 
Pfeparatios of the Cow Preparing the cow for milking is 
important for producing clean milk, for getting it m the shortest 
period of time and for getting all of it 
The ‘let dowm” hormone, oxytocm, was discussed in Chapter 
5 The hormone is produced as a result of a sbmulus This 
stimulus may be the sight of the cow’s calf, its warm, wet mouth 
on the teats, the rattle of milk pails, the click of the milking ma 
chine, the act of being fed, the manipulation of the teats and 
lower part of the udder, the washing of the teats and udder, or 
other incidents that the cow associates wuth being milked 
The calf sucking is nature’s method of stimolation The one 
most nearly like nature's method is the washing of the cow’s 
teats and udder with warm water Normally, the reaction to the 
stimulus IS effective in 45 seconds and it remams effective for 
only about 7 minutes The milking should be completed \v^thln 
this time The udders of only one or two cows should be washed 
at a time The practice of washing all the cows’ udders before 
starting to milk is not to be recommended 

As soon as the udder is washed, a few streams of milk should be 
drawn by hand from each teat into a strip cup covered with a 
fine meshed screen This milking opens up the teat canals so 
that there will be no delav in the milk starhng The use of the 
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strip cup makes possible the examination of the milk from each 
quarter before the teat cups are attached 
An indnidual towel or cloth for washing the udder is prefer- 
able as this gi\es a clean towel for every cow and eliminates the 
possibility of tiansmittmg any udder infection from cow to cow 
Special paper towels are available for washing the udders They 



Fig 26 Washing the udder and teats with warm water (W Vo C7njo ) 


are stronger than the average paper towel Results * indicate 
that the response to washing with a paper towel is no different 
than when a cloth towel is used Paper towels are disposable 
into the gutter and through the manure, as they soon disintegrate 

Excitement or unusual conditions m the barn at milking time 
interferes with the let down response Rough treatment, loud 
noises, strangers, barking dogs, failure to get feed at the regular 
time, and many other conditions react adversely on the amount 
of milk that can be secured When a cow becomes fnghtened 
or annoyed, a second hormone, adrenalin, is produced Adren- 

* J Dairy Sci , 34 6 
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causes the bjood -"eH to 

counteracts the effects of oxy ^ 

.n their response to disturbances. ,he bam 

adjust herself to some disturbances, such as strangers 

‘“it musf also be mnsidered 

other irregular conditions may effect the eaciency 

milker does his part of the job udder, and not 

Milking About 1 minute after wishing the udder 
later than 2 minutes, the teat cups should be attach 
iws ivill milk out m 3 to 4 minutes, some m 
eser some cows are slow milkers, either because th y 
™ m the teats or udder that hinder A- 
rimply because they are in the habit of “'''“I, "^uU 
these latter can be trained to milk more quickly. y 

be mdked completely even though more time “ , J 

calf heifers and young cows are more easily . r^^us 

gram than older cows that hate developed slower milH S 
The milker can develop the technique of knowing ^ S'! 
more particularly by the feel of the udder when 
move the machine He soon learns the time required to m^ « 
cow and should be ready to remove the milker as 

milking IS complete , , . u from the 

Stripping The machme may not gel the tet milk fr 
udder This must be secured either by hand stnre“S 
machine stopping An easier and better job ^ 

machine stopping With the weight of the udder dome 
and probably some milk ducts that do not non^Uy empty J 
IS always some milk trapped in the udder The “P™ 
puU down on the teat cups with one hand and /"““e 
quarters v.ith the other, progressing around the udder, a 
thorough stripping Nvith the machine Of course, s'l 
method of stripping the last drop is not secured 

The teat cups should be remo\ed as soon as the u 
empt> and not be allmved to creep up, for it is then t a 
milker may damage the udder . . 

Cows Lflce to Be Milked. Observation shows that 
to be milked Under normal conditions their reactions are * ^ 

b> their general willingness to be milked by hand or "i 
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machine. This is especially true when the things that they asso- 
ciate with milking are pleasant 

When there are conditions associated with milking that they 
dislike or are painful to them, they often respond by failing to 
cooperate with the milker when he attaches the teat cups and 
do not stand quietly while being milked. A sore teat on a tender 
quarter will cause the milking process to be painful to the 
cow. If the cow associates being milked with being roughly 
treated she will resent being milked. 

Buies for Good Milking. The rules for good milking are 
summarized as follows. (1) Avoid excitement of the cows previ- 
ous to milking and during the milking period. (2) Prepare 
and assemble all milking equipment before the milking begins. 
(3) Do not allow the milking period to be interrupted. (4) 
Milk at the same time every day, with the milking periods as 
evenly divided as practical. (5) Prepare the cow for the “let- 
down” of milk by cleaning the udder and teats with a damp 
cloth or paper towel and using a strip cup. (6) Begin milking 
within 1 or 2 minutes after preparing the cow. This applies to 
both hand and machine milking. (7) Remove the teat cups as 
soon as the milk stops flowing. (8) Strip the cow clean, either 
while the machine is attached or by hand stripping. 

Routine for Managed Milking. A definite schedule needs to be 
followed to apply these eight rules of managed milking. The 
milker should adopt a schedule of milking that is best adapted 
to him and his conditions, then follow the schedule conscien- 
tiously. The following schedule may be observed by a milker 
when operating two units. (1) Prepare first cow. (2) Prepare 
second cow. (3) Place machine on first cow. (4) Place machine 
on second cow. (5) Prepare third cow. (6) Strip first cow 
and remove machine. (7) Change pails or empty milk. (8) 
Dip teat cups in a pail of water, then in a pail of disinfecting 
solution (chlorine or quaternary solution). (9) Place machine 
on tliird cow. (10) Prepare fourth cow. (11) Strip second 
cow and remove macliine. (12) Continue this schedule for the 
entire herd. 
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THE MILKING MACHINE 


A number of milking machines on the market are 
when instructions for their operation and care are earned out 


in detail ^ 

Vacuum All machines operate on a sacuum or 
sure The correct amount of vacuum varies with different 
chines Usually the amount of vacuum recommended is wimin 
the range of 10 to 15 inches The amount of vacuum or suction 
reaching the teat is lower than that m the pipeline or pail An 
easy milking cow will have less suction on the teat than a Haro 
milking cow because the heavier flow of milk reduces the amount 


oi vacuum , . . 

When the milk stops flowing a higher vacuum reaches the tea 
and may damage the teat lining Excessive vacuum may injure 
the teat and udder Too low a vacuum below that recomroenoen 
for the specific machine reduces the rate of milking 

Pulsations The rate of pulsation is constant with some ma 
chines and cannot be changed except by running the pump at a 
higher rate of speed In other machines the rate of pulsation is 
adjustable These sometimes vary either by the adjustment be 
coming loose or with the vanation in temperature 
The usual pulsation rate is 48 to 52 pulsations per minute 
The rate of milking is not increased by stepping up the num er 
of pulsations per minute The complete suction is on during 
only half of the cycle The pulsation gives an alternate suction 
and release therefore increasing the rate of pulsation does no 
increase the time that milk flows from the udder Slow pu sa 
tions below 40 per minute cause congestion in the teats an 
produce a less efiicient job of milking , 

Care of Milking Machine The machine should be chec e 
and cared for in the same manner as any other delicate machine 
All parts includmg the pipelines and stall cocks should be kept 
clean and operating normally The teat cup Imers and ot er 
rubber parts especially should be kept m good condition an 
properly stretched and any defective ones should be replac 
Refer to Chapter 32 for information on sanitary maintenance o 


the milker parts 
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HOW MACHINES MAY DAMAGE THE UDDER 

A properly operated machine will not injure the udder. A 
machine that is not operated as it should be may injure the lin- 
ing of the teats and udder and create a predisposing condition 
for bacteria to become established. It may also cause mastitis. 

Teat Cups Kept on Too Long. The greatest cause of ma- 
chine injury is leaving the teat cups on too long. When milk is 
flowing from the udder there is no vacuum everted within the teat 
or udder. The milk leaves the udder because the pressure witliin 
the udder is greater tharx the pressure in the teat cup. As soon as 
milk ceases to flow, a suction is established within the teat canal 
and udder. When there is no milk to act as a cushion to hold 
the teivder linings apart, the suction draws them together and 
the rasping action may irritate the delicate membrane lining 
the teat and udder. 

When the udder is nearly milked out, the teat cups will crawl 
up on the teats and may even draw the lower part of the udder 
into the teat cup. This shuts off the flow of any milk that may be 
left. The operator should be ready before this happens to attend 
to the machine and Keep the teat cups pulled down to complete 
the milking and do the stripping. 

Too Much Vacuum. When the machine is operated with ex- 
cessive vacuum the udder tissue is subject to injury by its action 
on the tender lining of the teat cistern. 

Incomplete Milking of Quarter. When one quarter is more 
difficult to milk than the others it may be milked incompletely 
if the machine itself is depended upon. Milk left in the quarter 
predisposes it to mastitis, and may cause the quarter to give 
progressively less milk and become smaller than the other 
quarters. A study ® on incomplete milking indicated that cows 
which were not stripped out completely produced 96 7 per cent 
as much milk as those that were stripped. In these studies 
It was estimated that an average of 0 S pounds of milk was left 
in each quarter. 

Teat Erosion. If the teat cups are allowed to remain on too 
long over a long period of time, the ends of the teats may become 

• U S D A. Tech Bui 522. 
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eroded and hard An area around the teat opening is “ff'^^ed 
This may cause the sphincter muscle more difliculU m closing 
teat canal which may allow the entrance of manv bacteria into 
the teat cistern 


PRODUCTION OF DIFFERENT QUARTERS 
Milk production is not the same from each quarter The rear 
quarters usually are larger than the forequarters and on the 
aserage produce from 5S to 60 per cent of the total milk 
The rear quarters normally are slightly lower than the ore- 
quarters A suspended type of machine is made to pull V 

forward and the claw type milker may also be set for\vard m the 
stall to pull fnroard This goes more pull on the rear quarters 
and tends to milk all quarters out in about tbe same lengt o 
time 


IRREGULAR FEEDING AND MILLING 

The cow IS a creature of habit and expects the same routine 
every day Cows that are fed and milked irregularly * pro uce 
about 5 per cent less milk than the same cows fed and mi e 
regularly The irregularity of feeding appears to have a greater 
effect than irregular milking Probably the appetite is more 
sensitive to a routine than is pressure within the udder 

Even milking penods are desired that is if cows are milke 
times per day the milkings should be approximately 12 hours 
apart and if milked 3 times a day the milkmgs should be a 
approximately 8-hour intervals 

Cows that are milked 3 times a day will produce more milk t an 
if they are milked twice a day Heavy producers show the great 
est differences Milk secretion vvithm the cells of the udder is a 
continuous process and therefore it tends to build up a ba 
pressure As this pressure wathm the udder increases the 
tion of milk is slowed dowm and if the pressure should reac 
30 to 40 millimeters pressure f secretion ceases altogether un 
after the cow has been milked 


•USDJi Ctre 180 
1 Pfoc Soc Eipfl BjoI Med 30 254 



287 


Prepartum Milking 

Consequently, long intervals between milkings cause a high- 
producing cow to produce less milk than if she were milked at 
shorter intervals. 

Many dairymen do not milk at even periods because it makes 
the day too long. This management factor can be partly over- 
come by allowing the milkers time off during the day. Periods 
between milkings should not he more than 11 and 13 hours for 
t\vice-a-day milking. 

Change of Milkers. It is preferable that the same milker milk 
the same cows regularly. This is not so essential with machine 
milking as with hand milking; however, different milkers handle 
the preparation of the cow and the machine differently. The 
most important factor is tliat each milker be competent. It has 
become a practice in the majority of commercial dairies for the 
workers to be off 1 day each week- This necessitates a change 
in milkers at such times. 

PREPARTUM MILKING 

Cows that have previous mastitis history and those that have 
large and swollen udders are often milked 10 days or 2 weeks 
before they are due to freshen. Some breeders milk their first 
calf heifers prepartum, believing that it will ease the pressure 
on the udder since they have not as yet developed strong liga- 
ments to support the udder, and also believing that the heifer 
will become more easily broken to milk before freshening. 

Experience has shown that prepartum milking may be of bene- 
fit to cows that are subject to mastitis. If the milk is cleaned out 
of the udder before freshening, the udder may be cleared of in- 
fection and the cow Nvill develop into a valuable milker. Tliere 
are no results of controlled experiments to prove that prepartum 
milking will lessen the congestion and swelling on the udder and 
belly of the cow. Some cows do not give any milk before freshen- 
ing; others produce a moderate amount; and a few will produce 
large amounts. However, cows giving large amounts do not 
seem to reach the peak of production any earlier than do those 
milked normally. There appears to be enough of the colostral 
qualities to the milk, even of those cows whose milk appears 
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nonnal at time of cahing, to keep the calves m good growing 
condition, especially if the calves are giv en a little cod bv er oil 
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Raising the 
Daily Calf 


Approximately 25 million dairy cows are in the United States. 
The average age at which the cow is removed from the herd is 
about 7 years. On the assumption that a cow gives birth to her 
first calf at 2^ years of age and to one calf every 12 months 
thereafter, the average cow would give birth to five calves in 
her lifetime. Her period of usefulness in the herd, therefore, is 
less than 5 years. On this basis, from 5 to 6 million calves must 
be raised every year to maintain the present number of dairy 
cows. Furthermore, it is necessary to raise an additional number 
to "keep pace with the demand brought about by the increase 
in the human population. Since many calves die during the first 
months of life and many are disposed of later, it is necessary for 
the dairyman to retain about three calves for each two cows 
that are to be replaced. When rigid culling for low production 
is made, an even greater r\umber must be kept. Therefore, the 
number of dairy calves actually being raised in this country at 
any one time is quite large. 


IMPORTANCE OF RAISING DAIRY CALVES 

It is a well-known fact that the dairy cow inherits her milk- 
producing ability, and that it is impossible by any kind of feed- 
ing to make an animal produce milk in excess of her inheritance. 
Since this is true, it is essential that the dairy farmer raise only 
the heifer calves from cows possessing high milk-producing 
qualities. This is the way in which he can hope to maintain the 
level of production of his herd. By careful mating and feeding 
he may develop a herd of cows with a higher average produc- 
tion than that with which he started. 

2S9 



Raising the Dair> Calf 

Near the larger cities where the pnee of rnill. is high, inari> 
of the dairymen, instead of ramng eahes, depend “P™ 
chasing cows with which to make replacements ^ro"! 
standpoint of immediate monetary return this method y 
be the best, but it has several 'hat rnak^.t 

desirable In the first place, only too often the co 
be ourchased arc culls, and if the best cows m a herd are pu 
chased the pnee paid is usually high ‘ j®, 

always runs the risk of bringing diseases, such f" 

Lcellosis, into his herd It is a well established fact that little 
or no improvements results when this method of 8 

the herd is followed Herd improvement can come ™ly vvhen 
discarded cows are replaced by well raised heifers o g 
breeding and type The surest and most practical way m vHi.^^ 
the dairyman can secure these is to raise his own he* 1 e^ 
from the best cows in the herd and have them sired h> S 
purebred bull There are successful specialized dames ' 

OT young stock is raised, but such herds show no continued 
improvement from year to year 


CARE OF THE COW AND CALF AT CAL\TNG TIME 

If the cow IS confined in the bam she should be put into a 
well bedded box stall a few days previous to the time of ca v 
mg- Although it is not always necessary for the attendant to 
present when the cow is calvmg he should be near 
can give assistance if necessary, but he should distur cr 
little as possible If the cow calves normally she will imm 
ately begin to lick the ne^vbom calf, and v\all thus stimu 
respiration, improve the circulation and dry the young anima 
Sometimes the fetal membrane covers the nostnls, and the y oung 
calf may suffocate unless this is promptly removed 
ally, a cow, even thou^ she may have had several calves " 
refuse to own her calf In such cases it is necessary to 
the calf to a safe distance and to dry it with burlap or oth^ ry 
cloths Generally, after a brief absence the calf may e re- 
turned and the mother induced to adopt it , 

A vigorous calf \m 11 attempt to nse m about 15 mmutes an 
usually will be nursing in half an hour The weaker the ca 
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the longer the time before it will be able to be up and nursing. 
Some calves are unable to nurse by their own efforts; it is then 
necessary to assist the calf by holding it up to the cow’s udder. 
If the calf is so weak that it is unable to drink, even when held 
up, it may be necessary to feed it wth a nipple, either from a 
bottle or pail. It is always desirable to treat the navel with 
tincture of iodine or another disinfectant. This may prevent 
disease germs from entering by this avenue. 

CARE OF THE NEWBORN CALF 

The first milk that a cow gives after dropping a calf is called 
colostrum. It is viscous and yellow in color, containing much 
more protein, ash, carotene, and vitamin A than normal milk. 
It is laxative in nature and contains antibodies which tend to 
enable the calf to ward off diseases until its body has had time' 
to establish its own immunity. The milk from a fresh cow is 
usually considered suitable for human consumption about the 
eighth milking after the cow’s freshening. 

One of the special purposes of colostrum seems to be to 
cleanse away the metabolic products that have collected in the 
intestines of the young animal during the latter portion of its 
fetal days. Ordinarily, the colostrum should be fed, for the 
first 3 or 4 days or until the milk becomes normal. When pre- 
partum milking is practiced, no typical colostrum may be avail- 
able. Some dairymen make a practice of freezing the colostrum 
tlrat is secured by milking before the calf is born and feeding 
it after the birth of the calf. Usually, however, the 'milk will 
contain sufficient colostral qualities that the calf will grow nor- 
mally on it if given some vitamin A supplement. 

If no colostrum is available because of the death of the dam 
or other reasons, the calf may be fed the normal herd milk, but 
this should be supplemented daily with 20 milliliters of cod- 
liver oil or with some other source of vitamin A. Two ounces 
of castor oil may be given to compensate for the laxative effect 
of the colostrum. 

Feeding Colostrum to Other Calves. When all the colostrum 
is not needed for the newborn calf it may be fed to the older 
calves and thus save marketable milk. It contains from lYj 
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2 „™es .s much total sohds as ^oes "ot^l m.lk and 
fed mthout dilution may cause scours , , , j, 

calves the amount fed should he reduced or it should b 
J^ted h7mmng it with warm water or with the regular milk 
This dilution should not be more tton trvo parts “ “ 
one part of the warm water or milk but may be much less 
this, depending upon the supply 

TABLE XLM 

Binrii BnioliT or Calves or the DirraaEST Bbeeds • 

eight of Calf 


Average ANetght Mature ^Ncight 


Males Females, 
pounds pounds 
CO 53 


Males Females 
pounds pounds 

1500 OTO 

«200 1370 

17G0 1070 

1850 1100 

«000 1500 


m Proportion 

to Mature 
M eight of 
Females 
per cent 

5 46 

6 57 
6 OS 
6 55 
C 15 


Dreed 
Jersey 
Holstein 
Guernsey 
A>rshire 
Drown Swiss t 

• 3/0 fixp Sta Dul 530 . 

1 Mstur, rtcighU ot tmila And aII HaIa on Browlt SouJ Are oAtimAlAO 

Birth Weight Table XLVI, compiled at the 
penment Station, shows the a\erage birth weight ot 

different breeds i m this 

Male calves are usually a little larger than females 
study the males averaged 5 to 8 pounds more than t o ® . 

Also the first calf of a heifer was somewhat smaller t 
average of the breed On the average, the maxirnum weigi 
calves at birth was produced by cows between their >r 
suth calvings Old cows seem to have a tendenc> o 
smaller calves than they did in their prime ,TrMllv 

The nutrition of the cow during gestation does no gr 
influence the size of the resulting calf Cows fed continue 
over long periods of time on very low grade hav produce 
and often dead calves largely because of low carotene m 
Cows fed feeds rich in carotene for SO da) s prior to ca v ing 
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produce calves with a higher vitamin A storage than they will 
when on a poor roughage ration lacking in carotene. 

It has sometimes been obserx'ed that a cow in verj' poor flesh 
may drop a calf of normal size, and that a cow in very good flesh 
may drop a calf that is small for the breed. The condition of 
the cow does not seem to affect the size of the calf. This can 
be explained by the fact that the composition of the blood from 
which the fetus receives its nourishment tends to remain constant 
even though the feed supply is limited. A shortage of most 
constituents in the blood is made up by drawing upon the re- 
serve supply in the body. For this reason, the food supply of the 
fetus remains practically constant even under adverse condi- 
tions. 

Kcmoving lire Calf from Its Dam. There is a great variation 
in practice regarding the best time to remove the calf from the 
dam. Some successful calf raisers take the calf away from its 
dam at once, without allowing it to nurse at all. Others allow 
it to nurse once, and still others allow it to remain with its dam 
for 3 or 4 days, or until the congestion is out of the udder and 
the milk is suitable to put in the regular supply. It probably 
makes little difference as to when the calf is removed from its 
dam. The arguments for removing the calf from the cow early 
are ffiat a calf may be taugbt to drink from the pail more easily; 
the amount of colostrum that the calf receives can be better 
controlled; and less fretting on the part of both the cow and the 
calf occurs. However, when the calf is allowed to remain for 
2 or 3 days there is usually not much trouble in teaching it to 
drink, especially if a nipple pail is used. While the calf is with 
the cow it will usually consume the colostrum in small quanti- 
ties at frequent intervals, in a manner most adapted to its diges- 
tive system. The usual practice is to remove the calf from 
its dam on the third day. 

Teaching tlie Calf to Drink Milk. The longer a calf nurses 
its dam the more difficult it is to teach it to drink milk from an 
ordinary pail. By instinct, a calf stretches upward to receive its 
nourishment. In learning to drink from an ordinary pail, how- 
ever, it must be taught to bend downward. There is no better 
method of teaching the calf to drink from an open pail than the 
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simple one of putting one’s fingers m its mouth, bnuging head 
aud fingers into a pail eontaimng a small amount of whole rnl^ 
and then carefully withdrawing the fingers It wnll 
be necessary to crowd the calf into a comer, and to stand astride 
of Its neck in order to teach it in this way Some cahes leam 
to dnnk with the first at 


tempt, with others it ts 
quite a long process Some 
dair> men omit the first feed 
mg after taking the calf 
from the cow, thmking that 
the calf will be more eager 
for its feed and w ill be eas 
ler to be taught to dnnk 
from the pail Such a meth 
od may not be detrimental 
to a strong calf but with 
weak calves it will 
weaken them and should 
not be practiced 

Tiie Nipple Pail. The 
nipple pail has come mto 
favor with man> calf rais 
ers It has the advantage 
that the calf is taught to 
dnnk Its milk more easil> 
through a nipple than 
an open pail Dnnking ® 
milk more slowly will cause 
the milk to go directly to the abomasum rather than to the rum 
Milk going into the rumen before the calf is ruminating is 
to cause digestive upsets , , j 

The Amount OF Whole Milk TO Feed The calf should e 
the milk from its own dam for a few da>s, after which it 
be fed milk from the herd Many dairymen feed the cab es miU- 
from the lov\er testing cows in the herd , 

The amount of milk to feed >oung calves depends upon ® 
size of the calf A general rule is to feed about 1 poun o 
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milk for each 10 pounds of body weight. A Jersey calf weigh' 
ing about 60 pounds should be fed about 6 pounds of milk per 
day and a Holstein calf weighing 90 pounds should be fed 
about 9 pounds per day. Tliese amounts should be increased 
as the calf grows but need never go above 12 pounds per day. 
The milk should be fed in equal portions twice per day. In 
many of the newer methods of feeding calves, the amount of 
whole milk is kept at the minimum. 

TE^tPEIlATunE. The young calf should be given its milk at the 
temperature of milk fresh from the cow, which is from 90 to 
100®F. For the first few weeks the calf is especially sensitive to 
changes in the temperature of its milk. 

Sanitation. Under any system of feeding it is essential that 
strict sanitation be practiced. All the utensils used for feeding 
calves should be washed and sterilized after each feeding, in 
the same thorough manner as the dairy utensils. Nipple pails 
require more attention, since they are more diflBcult to Keep 
clean. Seamless metal pails are recommended. If the pails 
have seams, they should be filled flush with solder so that milk 
will not lodge, furnishing food for bacteria. Many of the dis- 
orders of the digestive system of the calf can be traced to un- 
clean utensils. The pails, or feed boxes in which grain is fed, 
must also be kept clean. 

METHODS OF RAISING CALVES 

The milk-feeding period is the most expensive period in the 
fe \Vve Tiwst period m tine 

life of the calf. The young calFs digestive system is virtually 
a single-stomach system up until the time the calf begins to con- 
sume roughage in quantity and starts to ruminate. 

The methods of raising calves are: (1) the nurse-cow method, 
(2) the whole-milk method; (3) the sUm-milk method; (4) 
the calf-starter method; and (5) tlie milk-replacement method. 

The Nurse-Cow Method. The use of a nurse cow in raising 
calves is nature's method. In practice, it is usually more expen- 
sive than most otlier methods. It is the usual way of raising 
veal calves. Some purebred breeders use it for raising their 
more valuable calves, whereas others use it for all their calves. 
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but at Its best it is usuallj an expensue metbod Somebmes, 
certain old foundation cows or cows wuth three quarters ma% 
be used successfully as nurse cows With their use, less 
culty IS usualh experienced with digestwe disturbances m the 
calf From 2 to 4 cahes of about the same age and rigor cm 
be nursed by one corv It is often difficult to hare the iigh 
number of calves arailable to Veep on the nurse cow U mere 
are too many, some mil not recerre sufficient mdk, and it tM 
ferr, some mU receire more than they need and thus '“a 
rraste A corr can nurse several sets of calres during her 


The Whole Milk Method. Calres will make their great^ 
grorrth and mil shorv the greatest amount of bloom whm thig 
are on a nurse corr or rrhen they are fed liberally on whole m 
The whole milk method of feedmg calres gires less trouble from 
digestive distiirbances than other methods of hand feeding 
IS an expensive method A calf that is fed whole milh for 3 or 
months will consume 1000 pounds or more of milh. 

In using this method, a mixture of farm grains should be placed 
before the calf when it is a week to 10 davs of age Green 
leaf) hay should also be placed before it at about the same tune 
and the calf should be encouraged to eat both ha> and grain 
soon as x>ossible Gram and ha> ma> be fed as outhned under 
slam milk feedmg 

The Skim Milk Method. On farms where cream is sold or 
butter IS made, fresh skun milk is available for feedmg 
Skim milk may be reconstituted b> dissolvmg skim milk powder 
m warm water One pound of the jxjw der dissolv ed m 9 pounds 
of water will result m a product of approximately the same 
comjTOsibon as regular skim irulk. Some feeders like to mcr^se 
the sohds m the skim milk by dissolvmg 1 pound of the powder 
m 65 pounds of warm water This makes a product contam^ 
approximate!) 13 per cent of sohds and less of it need be fw 
Table XLVII shows the average composition of whole muk, 
colostrum skim milk, buttermilk, and whey 

As will be noted the only apparent difference between skun 
milk and whole milk is that the fat has been removed from the 
former but VMth it the fat soluble vitamins A and D are also 
removed Substitutions can be made for the fat and vitamins 
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TABLE XLVII 


Avehage Composition of Whole Milk, Colostru^i Milk, Skim 
Milk, BoTTEniiiLK, and \\iie^ * 







Sugar or 
Carbolii- 


Water, 

Ash, 

Tat, 

Protein, 

drates. 


per cent 

per cent 

per cent 

per cent 

per cent 

Whole milk 

87 

0 7 

4 

3 3 

5 

Colostrum milk 

74 5 

1 0 

3 C 

17 6 

2 7 

Skiin milk 

90 5 

0 7 

0 s 

S 4 

5 1 

Buttermilk 

91 

0 8 

0 3 

3 5 

4 2 

Whey 

93 4 

0 7 

0 3 

0 8 

4 8 


* 3/o Res Bui 33 


and practically as good calves can be raised on sLim milk as 
those raised on whole milk or those allowed to run with the 
dam The calves may not be so fat and thrifty looking, but 
they will grow into just as large and productive cows 
Changing to Skim Milk Calves that are to be raised on skim 
milk should be fed on whole milk for the first 10 days or 2 
weeks, and, if the calf is not thrifty, even longer The change 
should not be made until the calf is growing vigorously The 
transition period from whole to skim milk should require about 
a week For the first day or two, about a pound of skim nulk 
should be substituted for an equal amount of tlie whole milk, and 
later the amount should be gradually increased If whole imlk 
IS extremely valuable and the calves quite thrifty, the change 
can be made in 4 or 5 days if attention is given to details After 
the change has been made, the amount of skim milk should be 
gradually increased as the calf increases in size, unbl 12 pounds 
daily is being fed 

Temperature and Quality of Skim Milk The skim milk 
should be fed to the calf at about the temperature of milk fresh 
from the cow It is always best to feed the skim milk when it is 
fresh There is no easier way to upset the digestive system than 
to feed sweet milk at one feeding and sbur milk at the next 
Sour milk can be fed successfully to calves if care is taken to see 
that it IS always uniform in quality 

If the skim tnvlk is obtained at the creamery, it is necessary 
that it be pasteurized before being fed to calves Otherwise, 
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the milk may carry disease germs that might infect the herd 
Many states have laws requinng such milk to be pasteurize 
The skim milk may be fed for 3 or 4 months, and, if the supp y 
IS ample, for longer period ^ t u 

Concentrates with Skim Milk Since the fat has been r 
moved from the skim milk, it is necessary that some gram, or gain 
and hay, be fed as soon as the change is made Calves should be 
taught to eat gram as soon as they have been weaned 
whole milk or earlier if possible, to take the place of the nu 
ents removed when the milk is skimmed 

Many gram mixtures have been proposed for dairy calves 
although the kind of gram fed when on skim milk is not too 
important It has been found that almost any combination o 
grains may be fed successfully The pnncipal necessity is o 
replace the energy and vitamins which have been remiwed in 
the fat The ration need not contain a high protein feed since 
the protein of the milk has not been removed Good quality 
hay will supply the vitamms 

In the sections where com is plentiful it may be used as the 
basis of the ration It is desirable, however, when nonlegume 
ha> IS used for the roughage, to have some high protein fee 
m the gram ration The following gram mixtures have been 
used with good results 

Mixture 1 

3 parts cracked or whole com 

3 parts cnmped or whole oats 

3 parts wheat bran 

1 part linseed or soybean oil meal 

Mixture 2 

2 parts cnmped or whole oats 

2 parts wheat bran 

1 part linseed or soybean-oil meal 

Mixture 3 

3 parts cracked or uhole com 

1 part ^\heat bran 

Cahes like cracked or cnmped grains better than ground 
grains The> can eat and digest whole grains satisfactoril) 
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14 
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8 to 14 weeks 


14 
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14 
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^Vhcy and Buttcrmdk for Calves The analjsis of buttcrmi 
as shown m Table XLVlI, is very sJinilar to that of sVim mi 
and so the same supplements that arc used with skim milk c 
be successfully used m raising buttermilk calves On m 
farms however, where buttermilk can be secured, skim milk 
also available and as a rule it will be found that sweet si 
milk grows a better and thriftier calf than buttermilk So 
experiments, however show that calves fed buttermilk are 1 
subject to scours than those fed skim milk Buttermilk fr 
neutralized cream is not satisfactory 
Whey has a higher percentage of water and a much lo' 
amount of protein but about the same amount of fat and su 
as skim milk. If whey is to be fed the gram mixture n 
have a high protein content Linseed meal is often mixed i 
gruel in the whey If whey must be fed it should not be 
until the calf is 5 or 6 weeks old and even then great care n 
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be taken to prevent digestive trouble. After that age good 
calves can be raised on whey if it is properly supplemented and 
the calves are given good care. Dried whey may be used by 
inking 1 pound with 9 pounds of water. 



Fig. 32. A removable gram box and hay manger for calves (V.P /.). 

The Calf-Starter Mctliod. Where there is a good market for 
whole milk, usually no skim milk is available, and the use of 
whole milk as a feed for raising calves is too expensive. For 
these conditions a method of raising calves has been devel- 
oped, in which the calves are given a start on a limited amount 
of whole milk and tlien changed to some kind of grain and hay 
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502 f L 1 ,11 

1 rtr. Ac little as 250 to 350 pounds of whole mil 
at an early age As httle ^ ^ 

fed over a period of 4 to 5 weeks is i 

The calves are started on supplementary v 10 davs 

Im eTt n, tvliich IS usually svlien they are a sveek to 10 days 

-i-.:.*rrs=S£= 

bmation of these They are ted dry The ca 
a liberal amount of good quality green. ^ ^ 

an excellent source of carotene, the precursor of vitamin 
t“ tngth of time the calf is fed milk depends uP°n ^ 
of the calf If It IS strong and vigorous it will ^ 
sXient of the starter and hay to discontinue the ^ 

abouT4 weeks of age If, however, the calf 
the milk should he continued for 5 weeks or '“"S" ^ j 
however when the call is consuming about 3 pound ^ 

starter and a liberal amount of hay per ‘'“I'- ^ „„ 

from the milk As the calf increases m „ake 

sume 4 to 5 pounds pet day along with the hay m order 

”°Thfte®are many good commeraal cah ““l^es 

that wiU grow the calf satisfacton ly Some of *■= ^rh« one 
were not too successful since httle was known ab 
portance of vitamms and minerals but at the PX“‘ ‘ “ ercml 
ciencies ate bemg provided for m most of the 

"'Althou^ It IS possible for a dairyman to mia hw mvn rah 

starter, it is often not practical because of the 
curing quahty ingredients in small quantities 
Station • was one of the first to try Uiis system and the ^ai 
lot the first lew weeks was either cracked com or crush 
or a mixture of the two Later, a mixture of 4 parts co j 

1 part wheat bran and 1 part linseed oil meal was used 
With a legume hay of good quality efarter 

The results were much better, however, when a , 
with some animal protein was used, and milk was en ire 
• iltnn Special Bui 91 
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placed after the first 4 or 5 weeks. As little as 150 to 300 
pounds of whole milk per calf was required. One of the starters 
was formulated by the New Jersey Experiment Station.® At 
the beginning of the second week of the calf’s life, the feeding 
of the starter and alfalfa hay along with tlie whole milk is 
recommended. At the beginning of the fourth week the milk is 
diluted witli water, so that by the time the calf is 30 days of age 
it is receiving only water, dry mix, and hay. The ration is as 
follows. 

100 pounds yellow com meal 
150 pounds ground oats 
50 pounds wheat bran 
50 pounds linseed-oil meal 
50 pounds soluble blood meal 
4 pounds steamed bone meal 
4 pounds finely pulverized limestone 
4 pounds salt 

Another more complicated mixture that has been used exten- 
sively has the following formula. 

200 pounds wheat bran 
530 pounds yellow com meal 
400 pounds crimped oats 
150 pounds com distillers grains witli solubles 
100 pounds alfalfa meal 
150 pounds soybean-oil meal 
100 pounds linsccd-oil meal 
100 pounds fish meal 
100 pounds dried whey 
100 pounds canc molasses 
40 pounds riboHavin supplement 
10 pounds ground linicslonc 
10 pounds low-fluorinc rock phosphate 
10 pounds iodized s.alt 
Yi pound D-activated plant sterol 

Tlicrc arc many satisfactory calf starters that can be mixed or 
purchased. Tliese should be fed until the calf is 3 or 4 inontlis 
of age. At tliat time the calf can be gradually cliangcd to one 

• X. J. Kul 73. 
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o£ the less expensive gram mixtures such as were suggested 

’’TelJiILReplacement N.cthod. -^t^tht 

amount of whole milk used m startmg j method 

that used m the calf starter method, a mdk rep 

has been descloped that entnely replaces f'"s,,h 

calfs rabon after they are 10 days to 2 

replacements ate being successfully used and ra 

suLssfully by the use of only 70 to m P™" ^/^'"ds 

mcludmg the colostrum, and some with as little 

A mdk replacement differs from a calf smrt The 

feeds of high nutritive value and with a low fiber 

ingredients are highly digestible The protein an 

teS of the milk replacements are greater than of the 

Greater care must be taken in raising calves by imlk p^^^^ 
ment than when feeding them with the use of ^ ”„ed 

ever, where calves ate strong and vigorous and „£ 

free from disease, good growth can be j^ec 

many of the commercial milk repUeements The feed S “ ^ 
tioJshould be closely followed and good 

if satisfactory results ate to be obtamed Most of the ^ 

cial milk replacements are mixed with warm water an 
a liquid A few are prepared m pellet form and fed dry 
The calves, when fed on such feeds, will not show 
bloom as those grown on whole milk but often o ma ^ ^ 

gams m weight After 8 weeks of age. when they are rOT 
from the mdk replacement and fed a good gram ratiori ^ 

they make good gams and develop into heifers just as e 

those fed more milk , r^oilts 

Requirements of a Milk ReplacemenL To give goo . 
a milk replacement must be nutritionally adequate, pa a 
easy to use and economical , . _ 

iSUTRinosALLY ADEQUATE To be nutritionally a equ 
milk replacement must supply suffiaent energy, i ^ 

quahty, minerals and vitamins The ingredients shou 
m fiber and be highly digesbble It is desirable that pa o 
protein come from animal sources, such as dry muk wi ^ 
high-quahty protein Another animal product often 
blood flour, as it supplies a bigh-quahty protem that en 
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prevent nutritional scours Calcium and phosphorus should be 
supplied, as well as lodme, iron, copper, cobalt, and manganese 
when they are needed Vitamm A or carotene is needed and is 
generally supplied by feedmg reinforced cod liver oil or a stab- 
alized vitamm A feed When the calves start to consume hay 
tliey will get an ample supply of carotene, provided that tlie 
hay is green and leafy Vitamm D is also needed and will be 
supplied m the remforced cod liver oil or by addmg irradiated 
yeast to the ration 

Vitamms of the B complex group ( thiamine, nboflavin, biotin, 
pantothenic acid, and others) are required by calves during the 
period before rumination, when the simple stomach type of di 
gestion is in operation Milk by products and most of the grams 
supply these vitamins, but addibonal supplies are sometimes 
added in the form of brewers dried yeast 

The recommended daily allowance for dairy calves as formu 
lated by the National Research Council “ is given m Table XLIX 


T\BLE XLIX 

Recommbvded Daili Allowances fob Daiby Calves 
(Based on Air Dry Feed Containing 90 Per Cent Dry Matter) 


Daily Allowances per Animal 


Body 

Weight, 

Expect! 

Small 

Breeds 

>d Gam 

Large 

Breeds 

Total 

Feed 

Dig 

Pro- 

tein 

TDN, 

Ca, 

P. 

Caro- 

tene 

Vita 

min 

D, 

pounds 

pounds 

pounds 

pounds 

pound 

pounds 

gm 

gm 

mg 

lU 

50 

0 5 


0 9 

0 20 

1 

4 

3 

C 

200 

100 

1 

0 8 

2 

0 40 

2 

8 

0 

G 

400 

150 

1 3 

1 4 

4 

0 50 

3 

12 

8 

9 

GOO 

200 

1 4 

1 0 

0 

0 00 

4 

IG 

11 

12 

800 


Palatable MUk replacements must be composed of feeds 
that are palatable to the calf Otherwise, it may not consume 
sufficient to supply its requirLments even thou(^l all essential 
dietary factors are prLseiit 

Easy to Use If the milk replacement is to be mixed with 
water and fed as a liquid it should contain only such ingrediLiits 
and he of sucli a consistency tliat a part of it will go into solution 
• AuJlonal Racarch Council, 1050 
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and the remainder remain m suspension for a penod of time sufB 
cient for the calf to consume it Ingredients that are not easily 
mixed with the water but settle to the bottom are not satis 
factory 

Economical. Unless the cost of milh replacement is less than 
the feed that it replaces it has not Blled a need The value of 
feeding it will depend upon the price of the milk that is sa\ed 
and the cost of the milk replacement 

T\BLE L 


Calculated Swing bt Using ^tiuc Replacements 


Selling 


Price 


of 

Value of 

MilL 

2o0 

100 

Founds 

pounds 

of yuk 

82 00 

8 o 00 

S 00 

7 jO 

4 00 

10 00 

5 00 

H 50 

0 00 

U 00 

7 00 

17 50 


Cost of 40 


Pounds Milk 


Replacement 

Saving 

at 12 Cents 

per 

per Pound 

Calf 

84 80 

8 0 20 

4 80 

i 70 

4 80 

o 20 

4 89 

7 *0 

4 80 

10 20 

4 80 

12 70 


Cost of 40 
Founds Milk 
Replacement Saving 
at 10 Cents per 

per Pound Calf 

§0 40 1 40 

C 40 I 30 

0 40 3 00 

G 40 0 10 

G 40 8 00 

0 40 II 10 


Table L shows the calculated gain or loss of feeding milk re 
placement when its cost is 12 cents and 16 cents per pound over 
the value of the whole milk at varying selling prices with the 
assumption that 40 jrounds of the milk replacement will save 
2o0 pounds of whole milk. 

The following formula for a milk replacement which has 
proven quite satisfactory is one of several developed by the 
Pennsylvania Expenment Station * 

This rabon should be fed at the rale of 1 pound per day until 
the calf IS 8 weeks of age A calf starter is fed m conjunction 
wTth iL The milk replacement is discontinued at 8 vvecljr of age 
and the starter is continued for 16 weeks Good-riuality alfalfa 
Iiay should be fed 

• / Dairy Set 32 9S6 
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Penmyhania Milk-Replacement Formula 



Pounds 

Dried skim milk 

50.00 

Dried whey 

10.00 

Corn distiller’s dried solubles 

10.00 

Blood dour 

10.00 

Dextrose 

7.75 

Oat flour 

5.00 

Brewer’s dried yeast 

4.90 

Irradiated yeast 

0.10 

Stabilized vitamin A feed (220,000 


USP units/pound) 

2.20 

Minerals (Ca, P, Fe, Cu, Mn, Co) 

0.042 



RUMEN INOCULATION 

Digestion in the calf differs from that of the cow because of 
the difference in the size and function of the four compartments 
of the stomach. In the young calf the omasum and abomasum 
have twice the capacity of the rumen and reticulum. In the 
mature cow the capacity of the omasum and abomasum is only 
about one*sixth that of the other two stomachs. The young 
calfs stomach is not well adapted for coarse feeds but calves 
should be fed hay as soon as possible since they seem to develop 
better when tliey consume some hay. The Ohio Experiment 
Station ® found that calves would ruminate at an earlier age and 
that some of the difficulties of calf raising disappeared when 
they were inoculated with the cud material taken from a healthy 
cow. The cud material is secured from the cow*s mouth during 
rumination. A quiet cow is selected and placed in her stall. The 
operator stands alongside her head and waits until she is rumi- 
nating normally. After the sequence is determined, he waits 
until the cow has regurgitated the cud and starts mastication; 
then he catches her by the nose witli one hand and reaches the 
other hand into the side of the mouth and secures some of the 
cud. A small amount of this is placed in the calfs mouth so that 
it can swallow it. The cud is teeming with rumen organisms, 
such as bacteria, protozoa, and other minute fonns of life! 
When the cahes are kept in the stall with their dams or arc kept 
• J. Dairy Scf., 31«10ll and 1055. 
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in stalk with older calves they seem to pick up the orS=“'“n>s 
"ay get them by eatmg Rm feed picked ever by older 

“Se inoculation of the rumen with these organisms at m early 
age appears to stimulate the eatmg of hay or gr^s “1'° 
crease the digestibJity of feeds eaten by the calf Calves tl^ 
moeulated usually show a sleeker coa^nd 

dian calves that are not moeulated They are said to comume 
more roughage than do those which have not been 
Antibioucs. The use of antib.ot.es m calf rations 
vacated by several workers Aureomycm to been fed by se 
eral workers • and has resulted m mcreased growth and a lowe 
incidence of scourmg The greatest mmea^ m |?owth « 
during the first 8 to 10 weeks of the calf s Me Other anbb.ot.es 
are receivuig attention in dauy-caU nutntion research 

OTHER CONSIDERATIONS IN CALF RAISING 

Salt and Water. Most feeders add some salt to the 
tion The demand for salt, however, is not great up to the 
the calves reach the age of 6 months When they - 

ample supply of milk, water is not so important until h o 
weeks of age When milk feeding is decreased or discontinue , 
sufficient water should be supplied the calf to compensate o 
that m the milk. Water must be supplied in adequate amoun . 
and probably the best way to furnish it is by means of wa 
cups, where the calves can supply themselves according to e 
desues Calves seem to differ greatly m the ° ^ 

consumed Heifers kept under the same conditions and fed 
same rations have been known to vary as much as 40 to 
pounds per day in their water consumption There is a re a 
tionship 1 between body weight and water consumption O' 
matter mlake affects the amount of water consumed 

Stalls and Ties for Calves. \Vhcn the newborn calf is rernov 
from the mother it should first be put m an individua ^ ^ 
This stall should contain about 25 square feet of space 


* } Dairy Sci , 34 500 and 653 and 33 493 
t ] Dairy Sci 17 249 
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isolated, the calf can be taught to drink and kept from sucking 
other calves. Some dairymen prefer to keep tlieir calves in in- 
dividual stalls throughout the milk-feeding period. Often, sev- 
eral calves are kept together in a larger calf pen. Tliis pen 
should be provided with ties so that the calves can be fastened 
while being fed, to insure that each one receives its proper 
amount of feed. Each calf should be fed individually, since 
some are fast feeders and others are slow. 
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Fic. 33. Plan for wooden stanchions for calves. 


Keeping Pens Clean. Calves should always have clean pens. 
A great deal of liquid is excreted by a calf. Damp beds are the 
cause of many calf troubles. Any kind of clean bedding is suit- 
able if it is provided in sufficient amounts. 

It is also advisable to give the pens a tliorougli cleaning and 
disinfecting before new calves are put in them. A good disin- 
fectant is a 5 per cent solution of crude carbolic acid. Creolin 
or lysol can be used in 3 to 5 per cent solutions and are satisfac- 
tory disinfectants. 

A raised floor in tlie calf stall, made of wooden slats or metal 
screen, will aid in keeping the pen dry. The liquid drains 
through tile bedding and false floor, leaving a drier and cleaner 
stall. Less bedding is required. 

Ventilation and Temperature. A young calf must be pro- 
tected from drafts. It can withstand cold temperatures, such 
as encountered in loose housing, when there are no drafts if it is 
protected from rain and snow. When the calf barn is closed 
tightly, sufficient vcnUlalion, to keep the bam dry, is essential. 
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Exercise. Calf pens should be provided with exercise yards. 
Although the young calf does not require a large amount of ex- 
ercise, it should have a place of sufficient size for that purpose. 
Direct sunlight, as has already been noted, is an effective aid in 
preventing riclcets; thus for calves over 2 months of age it is well 
to provide some clean lots into which they are turned on sunny 
days. The yard should also be provided with shade. A well- 
shaded pasture, near the buildings, in which the calves can 
graze and also exercise, is valuable. Feedboxes can be erected 
in the pasture and the calves fed there. Calves less than 
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months of age cannot be expected to receive very much of their 
feed from pasture. 

Fall or Spring Calves. The fall calf is fed milk and other expen 
si\e types of feed during the winter and then is turned out to 
pasture in the spring. The spring calf has its most expensive 
feeding period during the summer and must be bam fed dunng 
the first winter of its life, and does not make quite as good or as 
cheap gains as the fall calf. After the fall calf goes on dry e 
it has only one winter feeding to go through before freshening, 
whereas the spring calf has two. As a general rule, it is cheaper 
both in feed and labor to keep the calf on pasture as muc 
possible. For this reason the expense of raising the spring ca 
is greater than that of raising a fall calf. Many dairy farmers, 
however, must have cows freshen the year around and so, o 
course, must raise spring calves as well as fall calves. 
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VEAL PRODUCTION 

The breeder of purebred cattle is able to find a market for his 
surplus lieifer calves and his better bull calves The man who 
keeps grades does not have a market for his bull calves or for 
some of tlie poorer heifer calves except through tlie veal market 
Many are sold at birth, but in most states it is against the law to 
kill calves for veal under a certain age A calf killed for veal at 
an early age is known as a “bob veal ” Many times these surplus 
calves can be sold at 2 to 3 days of age to farmers who keep a 
few cows which they use as nurse cows for growing veals 
Top grade veals can only be grown by liberal feeding of whole 
milk, either by the nurse cow metliod or by hand feeding 
If milk IS not very high in price, calves may be raised for veal 
In general, where whole-milk feeding is practiced m raismg veal, 
10 pounds of whole milk is requiied to produce 1 pound of veal 
The market seems to demand veal from 4 to 8 weeks old and 
from 150 to 200 pounds in weight Whether it will pay to raise 
veal depends not only upon the cost of milk and the price of 
veal but also upon the initial size of the calf For example, a calf 
that weighed 100 pounds at birtli would need to gam only 50 
pounds to reach tlie desired 150 pounds This would require 
around 500 pounds of milk A calf weighing 60 pounds at birth 
"ould need to gam 90 pounds to reach tlie weight of 150 pounds, 
and 900 pounds of milk would be required Thus, the latter 
calf would requiie almost twice as much milk as the first calf to 
reach the required size 

Table LI shows the profit or loss over the value of milk with 
three variables the weight of the calf at birth, the price of milk, 
and the price of veal 


STANDARD MANAGEMENT PILVCTICES 

The Nutrition Council of the American Feed Manufacturers’ 
^Association * made a study of a\ailablc research on various prac- 
tices of management for the raising of daiiy calves These ha\e 

* Rcpt !\utr Council Am Feed Assoc (NJjy 9. 1951) 
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TABLE LI 


Average Returns at Various Prices fob Milk and Ve.al, and avith 
Different Birth 'Weiguts (Calculated on B.asis of ISO Pounds 
Veal) 

Amount of Profit or Loss over Value of Jlilk 


Milk to ^lakc 
Birth 150 Pounds 
Weight Veal 
40 1100 

CO 000 

80 700 

90 COO 

100 500 


Milk per 100 pounds 83.00 84-00 $5.00 

Veal per Pound 0.13 0.20 0.30 

8-10.50 8-14.00 8-10-00 

-4.50 - 6.00 0.00 

1.50 2.00 10.00 

4.50 6.00 15.00 

7.50 10.00 20.00 


been summarized into twenty-five recommendations, and are 
listed below in their entirety. 

Housing Calves, (1) Dairy calves should be raised sepa- 
rately—one calf to a pen for at least 1 week after milk or milk 
substitute is discontinued. (2) Calves may be raised in groups 
beginning one week after milk or milk substitute is discontinued. 
(3) Ten calves should be the maximum number raised in one 
group, provided that floor and feeding space is adequate and 
calves are liberally fed. (4) The maximum age difference be- 
tween calves in any group should not exceed 2 months. It is 
important to see that all calves are actually eating their fair 
share. 

Space Needs. (5) Minimum pen size for individual calves is 
24 square feet. (6) Minimum pen size for calves in groups 
with no outside run is 30 square feet per calf. 

Watering Devices. (7) Automatic drinking cups are preferred 
for calf waterers. Where pails are used for watering, they should 
be kept clean and well filled with fresh water. (8) Automatic 
drinkmg cups are preferred for calves housed in pen groups. 
Where watering tanks are used for calves in outside runs, the 
water should be fresh and the tanks kept in sanitary condition. 
(9) Top of drinking cups for calves should be 20 inches from 
the floor. (10) Watering equipment for calves in individual 
pens should be located at a front comer of the pen away from 
the feed. (11) Watering equipment for calves in groups should 
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be at front comers of the pen oi an outside tank (12) Provide 
two automatic drinking cups when more than five calves are 
housed per pen 

Feedboxes. (13) Calf-ration feedbox for tlie individual pens 
should be 8 x 10 x 6 inches deep It is desirable to make boxes 
removable for cleaning (14) When calves are raised in groups, 
calf ration feedboxes should be 10 x 6 mches deep, allowing 2 
feet per calf Two troughs per pen are preferred 

Management Recommendations. (15) Top of calf ration feed- 
boxes should be 20 inches from floor (16) Locate calf ration 
feedboxes at fiont of individual pens away from waterer (17) 
For calves fed in groups, locate feedboxes where convenient but 
away from xvaterers 

Pen Construction. (18) Sohd partitions behveen individual 
calf pens will reduce chilling drafts 

Temperature. (19) Desuable pen temperature range for rais- 
ing young calves is 50 to 75®F Keep temperature as uniform as 
practicable Sudden variations in temperature are particularly 
dangerous Dryness m pen is important because dampness in- 
tensifies cold 

Fcedmg. (20) There is no minimum time to leave the vigor- 
ous newborn calf with the cow It is very important that tlie 
calf gets colostrum the Erst 3 days either by nursmg or drinking 
(21 ) Young cab es may be taught to drink from a pail or a nipple- 
feeding device It is important that pails or other calf-feeding 
eciuipment be kept scrupulously clean at all times to avoid di- 
gestive disturbance (22) Calves may be turned out to pasture 
as soon as practicable after 4 months of age They should con- 
tinue to get their usual feed and have access to salt, water and 
shade (23) High-quality hay should be fed to calves from the 
start (24) Ensilage may be fed after calves are 6 months old 
(25) A safe age at which whole milk or milk substitute may be 
replaced entirely by a suitable calf starter, gram mixture and 
roughage will depend on the kind of start the calf had and its 
\igor Usually 6 weeks can be considered a safe age for tins 
change, though health) vigorous calves may be changed as 
much as 2 weeks earlier with good results 



314 


Raising the Dairy Calf 


REFERENCES FOR FURTHER STUDY 

1 Sa\3ge and McCay, The Nutntion of CaUes, A Review, / Dairy Set , 
25 595 (1942) 

2 Turk, Feeding Dairy Calves and Heifers, Cornell Exp Sta Buis 361 
and 761 (1949) 

3 Ackerman and Steele, Raising Dairy Calves and Heifers, W Va Ext 
Ctre 336 (1959) 

4 Alkesoa IVarren, and Anderson, Water Requirements of Dauy Calves, 
/ Dairy Sc«, 17 249 (1934) 

5 Bender and Perry, The New Jersey Dry feed Calf \Iuture, N / Ext 
Bui 73 (1929) 

6 Haigh, Moulton, and Trovvbndge, Composition of the Bovine at Birth, 
Mo Exp Sta Res Bui 38 (1920) 

7 Fitch, McGiUiard and Drumm, A Study of the Burth Weights and 
Gestation of Dairy Anunal^ J Dairy Sa , 7 2J3 (1924) 

8 The Significance of Colostrum to the New bom Calf, J Exp Med., 
36 181 (1922) 

9 Nelson, Normal Immuruty Reactions of the Cow and the Calf with 
Reference to Antibody Transmission in the Colostrxun, Ifo Exp Sta 
Res Bui 68 (1924) 

10 Williams and Knodt The Value of Milk Replacements m the Rations 
of Dairy Calv es, J Dairy Set , 32 986 ( 1949 ) 

11 Converse, Experiments m Rearing Calves Without Whole Milk and Witli 
Limited Amounts of Slam Milk, U S DA Ctre 622 ( 1949) 

12 Ingels and Cannon, The Mortality of Calves m the Iowa State College 
Herd, Free Am Soc Anmal Production (1936) 

13 Loosh, Huffman, Petersen and Phillips Recommended Nutnent Allow 
ances for Dairy Cattle, Not Retearch Council ( 1950) 

14 Rusoff, Antibiotic Feed Supplement for Dairy Calves / Dairy Sci, 
34 652 Also see / Dairy Sci , 34 500 and 501 ( 1951) 

15 Pounden, Hibbs and others. Rumen Inoculabon Studies, / Dairy Sci , 
31 1041, 1031, 1053 and 33 565 585 ( 1050) 

16 Willard, Effect of Holstein Buthvicight on Calf Gam and Final Weight, 
Wyo Exp Sfa Bui 286 (1948) 

17 OiBcial Standards lot Veal and Calf Carcasses US DA AMS 114 
(1940) 



ig 

Care and Development 
of the Dairy Heifer 


GROWTH 

Growth IS one of the oldest of phenomena, yet we have hardly 
begun to understand the principles underlying it Growth * has 
been defined as the increase in volume in a living material 
It IS the result of three processes namely, multiplication of 
cells, enlargement of cells, and deposition of intercellular sub- 
stance, the first two being more potent than the third Minot f 
states tliat the impulse to grow is imparted at the time of fertili- 
zation of tlie ovum and that the growth of the germ of the animal, 
from the time of fertilization to that of birth, represents an in- 
crease of over 5 million per cent, the gam at first being 1000 per 
cent m a day He calculated that 98 per cent of the growth im- 
pulse IS used up at the time of birth 

Causes of Growtii. Just as there are two factors related to 
milk production, so there are two factors related to growth, one 
internal and the other external It has been observed that am- 
in ils will often continue to grow even under adverse conditions 
of nutrition Tlie impulse to grow, which is set free at the fer- 
tili 2 *ilion of the ovum, will continue until the full size has been 
reached, unless adxerse conditions are encountered The cause 
of this growth stimulus is thought to be tlie hormones or secre- 
tions of the endotruic glands The endocrine glands that are 
thought to be related to growth are the pituitary body, tlie thy- 
roid gland, the thymus gland, the suprarenal body, the pineal 
body, and tlic ovanes and testes The internal factors are not 
under the control of the feeder to any great extent, and they will 

• ExtKTXincntal ZooJogiy, Morgan 
1 The Problem of Age, Crouth, aiul Diath, MuioL 
315 
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continue to act even under adverse conditions They seem to 
mlluence the growth of the sheleton to a greater extent tnan 
growth of the fleshy part of the body The skeleton ^ 
stronger tendency to grow than the fleshy part Waters oun 
that animals that were fed even less than a maintenance ration 
continued to make skeleton growth for six months while tne 
fleshy part did not gam to any extent 

The external factors depend upon the nutrition and han i S 
of the animal, that is, they are dependent upon conditions imder 
the herdsmans control If calves are not supphed with aU tn 
nutrients necessary for growth they will fail to reach t eir u 

Limits of Growth It is thought t that the variation ro tne 
growth of different animals is largely inhented In other words 
an animal inherits the capacity to reach a certain size 
favorable conditions and it will not grow any larger even under 
the most favorable conditions of care and feed ’ 

the conditions are adverse, the animal may never reac * 
maximum size Animals are able to overcome adverse conditions 
however, if these are not continued for too long a time an no 
too severe It has been shown { that after a period of retard^ 
growth calves will grow at a faster rate than normal when e 
conditions are again improved, and they will continue to grow 
for a longer period of time This may compensate for the os 
due to retarded growth unless the retardation is continue or 
too long a time , 

Measuring Growth Since the fleshy part of the anima o 
not gam at the same rate as the skeleton, it can be 
growth cannot be measured by the weiglit alone Eckles § 
cidcd, after a study of several measurements that the heig 
tlie withers would be the easiest and most satisfactory measure 
of the growth of the skeleton Thus two units are common y 
used for measuring growth gam m live weight and gam m eign 
at the withers 

• Soc Prom Agr Sci 29 
1 Biocliem Bui 3 lo6 
t l/o Rc» Bui 31 
\ Vo Res Bui 36 



317 


Feeding the Dairy Heifer 

Normal Growtli In order to obtain information on tlie weight 
and height at withers of heifers fed according to good dairy prac- 
tice, all calves and heifers at the Missouri Station were weighed 
and measured From the data collected, together with similar 
data collected from other sources, a normal growth table for the 
Holstein, Jersey, Ayrshire, and Guernsey breeds was formulated ® 
This IS given in Table LII 

This table can be used by breeders to determine whether or not 
their calves and heifers are growing normally If scales are at 
hand tlie calves or heifers can be weighed at mtervals, and their 
height at withers can easily be determined 

Table LII also shows that there is a distinct difference be- 
tween the different breeds m tlie time that their skeleton growth 
IS complete The Jersey has practically its full skeleton growtli 
at tlie age of 4 years, but the Holstein continues to grow in 
skeleton until it is almost 5 years of age The other breeds 
mature at ages between these two extremes The growth in the 
fleshy part, as denoted by weight, does not reach its maximum 
until about 2 years after the skeleton has ceased to grow 
Most fanns possess no available means for weighing animals 
A ratlier close correlation exists between the heart gu-th measure 
ment and body weight The measurement is taken just back of 
the forelegs The Bureau of Dairy Industry, United States De 
partment of Agriculture, prepared the data in Table LIII after 
many measurements and weighings Cattle in high condition 
will weigh more than tlie table indicates and thin animals will 
weigh less Other variations will be found, for example, long, 
slender anunals will overweigh the table and short, chunky 
types of animals will underweigh A dairyman can measure his 
cattle and use tins table when it is not convenient actually to 
\\ eigh them 


FEEDING THE DAIRY HEIFER 

Opinion as to the best mannei m which to feed dairy heifers 
IS not completely unified After the heifer is past the danger 
stage that is always present with young calves, and before she 
* Mo Exp Sta Bui 336 
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TVBLE UH 

Estimating the eight oi D\ibi Cows and Growing Young Stoca 
FROM Hluit Girth jMeasdreaients 


Heart 


Heart 


Heart 


Heart 


Girth, 

Weight, 

Girth, 

Weight, 

Girth, 

Weight, 

Girtli, 

AVeiglit, 

inches 

pounds 

inches 

pounds 

inches 

pounds 

inches 

pounds 

26 

80 

41 

224 

56 

526 

71 

1027 

27 

84 

42 

240 

57 

552 

72 

1069 

28 

89 

43 

257 

58 

579 

73 

1111 

29 

96 

44 

27o 

59 

607 

74 

1153 

30 

101 

45 

294 

CO 

637 

75 

1197 

31 

108 

46 

314 

G1 

CG8 

76 

1241 

32 

118 

47 

334 

62 

700 

77 

1285 

33 

128 

43 

3a4 

C3 

782 

78 

1331 

3i 

138 

49 

374 

64 

766 

79 

1377 

35 

148 

50 

394 

6o 

800 

80 

1423 

36 

158 

51 

414 

66 

85o 

81 

1469 

37 

168 

52 

434 

67 

871 

82 

1515 

38 

180 

53 

456 

68 

908 

83 

1j61 

39 

192 

54 

478 

69 

947 

84 

1007 

40 

208 

55 

501 

70 

987 

85 

lGo3 


liTS reached a productive stage, the tendency has been to rough 
her through with as little care and feed as possible Before 
taking up the method of feeding, it is necessary to understand 
the effects of nutrihon during this penod upon the growth of the 
dairy heifer, upon her dairy type, upon her sexual maturity, and 
upon the other factors that may affect her future usefulness 
Effect of Ration upon Growth and Size of Animal Several 
studies have been made upon the development of heifers during 
the period from the age of 6 months to freshenmg time One 
of the most extensive was carried on at the Missouri Experiment 
Station ® It covered a period of 8 years and entailed forty ani- 
mals The heifers were divided into two mam groups One 
group was fed skim milk for the first 6 months, and all the gram- 
and hay they could consume from birth until the time of first 
calving, the other group was fed skim milk for the first 6 months, 
and then only pasture or hay unhl the time of first calving 
Weights and measurements were taken monthly Half of each 
® Mo Exp Sia Bui 135 and Mo Res Bui 31 
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group ^\ere bred early and the other half were bred late, so that 
data in regard to breeding could be obtamed 

During the growing period the heavy ration caused a much 
more rapid growth, both in sVeleton and in flesh, especially dur- 
ing the months of rapid development Later, the heifers fe 
the heavy ration became much fatter Those fed the light ration 
grew less rapidly but continued to grow for a longer penod of 
time, never, however, reaching the size of the heavily fed group 
The weights always showed a much greater difference than t e 
skeleton measurements. 


T\BLE LIV 

The Effects of IUtios epos Gkowth o.d Weigut of Heifees 
PeHCE-NTAGE ok XOHil VL 


Jerscjs Holsteins 



Light 

Heavy 

Light 

Heavj 


Fed 

Fed 


Fed 

^lonths 

\\ eight 

eight 

■\\ eight 

Weight 

C 

95 

99 

85 

120 

li 

80 

104 

73 

118 

18 

83 

128 

84 

ISO 

24 

84 

109 

88 

119 


Height 

Height 

Height 

Height 

G 

08 

99 

9G 

102 

12 

95 

101 

93 

103 

18 

95 

102 

95 

103 

24 

06 

101 

97 

103 


Table LIV compares the effect of rations upon skeleton 
grow til and increase in weight in percentage of norma! 

Effect of Rations Fed duiung the Winter on Summe*' 
Gains lleiftrs tliat have been fed heavily during the winter 
and are then turned out into a pasture m summer usually m ® 
much smaller gams dunng the summer tlian those that have^ cn 
fed lightly In experiments at the West Virginia Station t le 
tendene> was for both the heavily and hglitly fed groups to ap- 
proach normal dunng the sununer months This would melinite 

• W Vfl Eip Sta Dul 232 
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tliat little IS to be gained by too heavy feeding during the winter 
montlis if the heifers are to be pastured during the summer 
Effect of Ration on Dairy Type. During the growing period, 
the Missouri Experiment Station found that heavy rations tended 
toward the development of larger and somewhat coaiser animals 
than lighter rations When tlie heifers were placed on the same 
lation after freshening, however, the difference disappeared 
Effect of Ration on Dairy Qualities. The Missouri experi- 
menters found some high producing cows m each group, also 
some medium producers and some inferior produceis Heredity 
exerts a stronger influence upon tlie dairy cow’s production than 
the ration does, but the data show that the heifers receiving tlie 
heavier ration were slightly inferior as milkers to tliose receiving 
the light ration The report states, ‘ It is not probable that within 
tlie limits ordmanly found under practical conditions this factor 
would exert sufficient influence to be worth consideration ” 
Effect of Ration upon Maturity. Animals receiving a heavy 
ration mature sexually from two to three months eailier than 
those receiving a light rabon This may be an advantage in that 
they will come into milk somewhat earlier tlian the otlieis 
Workers at the Cornell Experiment Stahon * fed Holstein 
heifers at three levels of nutrient intake These levels were based 
on the Morrison standard as follows supernormal, 140 per cent, 
normal, 100 per cent, and subnormal, 65 pei cent. The lesults 
of their study is tabulated in Table LV 

T\I}LE LV 

ErrECTS or Levels of Feeding on Dairx Heifers 


Level of 

Body 
lYeight at 

Height at 

Heart 

Age of First 

Number 
of Services 

reediug. 

2 Years, 

ithers. 

Girth 

Estrus 

per Con 

per cent 

pounds 

inches 

niches 

months 

ception 

140 

1264 

o2 0 

70 0 

9 4 

1 33 

100 

1020 

oO 0 

09 6 

11 3 

1 22 

G5 

700 

47 5 

02 0 

17 3 

1 oG 


Conclusions From the results noted above, we maj conclude 
that heifers should be fed m such a way that they will make 
" J Dairy Set , 34 510 
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good gams, in order that they mav obtain their full size There 
seems to be no benefit, however, from feeding heifers too heavily 
They should be so fed that they will reach their maximum grow-W 
as determined by their inheritance The cows that have ® 
the largest records for both milk and butterfat have invaria y 
been the large animals of the breed It is true that the st^u 
tion to produce milk may be inhcnted independently o size, 
nevertheless, an undersized cow is limited in her capacity to con 
sume and digest feed and cannot compete with a larger cow even 
though she has mhented to an etjual degree the stimulation to 
give milk 

Turner * found an increase of 20 pounds of butterfat per cow 
per year for each 100 pounds additional body weight of the cow 
McDowell t made an analysis of the production records of more 
than 220,000 cows and the size of the cows He found that e 
larger cows produced more milk and butterfat and retume a 
greater profit over feed cost The relation of weight of aity 
cows to their production of milk and butterfat as found by i^ 
study IS shown m Table LVI , 

Another report ( showed that watbin the breed an increase o 
100 pounds m size of cows was correlated with an increase o 


from 14 to 22 pounds of butterfat i>er year 
Feedmg the Heifer after Weaning from Milk Too o ten, 
dairymen make the mistake of weaning calves from milk an 
gram at the same tune and turning them out to pasture an a 
low mg them to graze for themselves A young heifer 6 mon 
old will not graze enough even on good pasture to make s 
gams that she should For this reason it is recommended ^ 
calves be fed some gram for the first 2 or 3 months on pastur^ 
or untd they become accustomed to the change of feed 
calves should also be fed liberally at weamng time on 
roughage and gram. After being weaned from milk, fall ca ' 
must be earned over two summers one winter, and usua y 


* Mo Exp Sta Re$ BuU 147 and 164. 

t UjS D.A. Ctre 114. .. 

t Purebred Dairy Cattle A&soc \liineo St-e and lU Influence on 
Production, 



part of the second winter, before they freshen Pasture is by far 
the most economical means of feeding heifers, and when it is 
a\ailable it should be used to a large extent After a heifer is 
9 or 10 months of age she will make sabsfactory gams on pasture 
alone, until a few months pievious to the time she is due to 
freshen 

When calves are first turned on to pasture, they should con- 
tinue to get some dry roughage for several days, m addition to 
gram A sudden change from dry feed to pasture causes the 
calves to become very loose and to lose considerable weight be- 
fore they are accustomed to the grass 

The grazing season for heifers should be made as long as pos- 
sible by the use of improved pastures and special pasture crops 
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Winter Feeding Yearling Heifers 

Heifers Under a Year of Age Need Special Care Heifers 
under a >ear of age cannot consume sufficient nutrients m le 
form of roughages to make normal growtli They will need from 
2 to 5 pounds of a gram ration, the amount and kind depending 
upon the kind of roughage they arc being fed Tlicy cannot 
utihze low quality roughages as well as can >earling heifers, 
\shich have developed greater rumen capacity Tlie>, therefore, 
should be fed good (quality rougliagc w ith the grain 
Feeding Heifers durmg the Winter Tlie basis for 
feeding of heifers should be good quality roughage, prefera y 
silage and legume hay Although such feeds are ideal, nevert e 
less there is a general practice on many dairy farms to feed c 
best quality roughages to Uic calves and the milking herd, le^v 
mg the poorer-quality hay and the stover to feed to the hejfws 
This may be the most economical method of using the availab e 
feed supply, and, within limits, the heifer can utilize these lower 
grades of roughage if llicy arc supplemented with concentrates 
that will fill the needs for protein, total digestible nutrients, an 
other requirements However, the feeder should be sure t a 
these requirements are met, as heifers should be fed so 
they will be kept growing normally at all times 

WiiEiiE Lecusie Hay and Silages Are Available. ^VheIl bo 
legume hay and silage arc available the heifers over a >ear o 
age will be able to consume sufficient to meet their full nutn 
tive requirements They should be fed as much ha> as they 
will consume and from 10 to 20 pounds of silage per day » 
however, the hay and silage are not of top quality, or if t e 
heifers are not fed all that they will eat 2 pounds of com or 
other feeds should be fed daily per heifer 

When Legu^ie Hay ob Legume Silage Onxy Is Available 
^Vben only good-quality legume hay is available heifers w 
make fairly normal growth when fed all that they can eat This 
IS tme also with legume silage The quality of the hay must be 
very good or the animals will not eat sufficient to fulfill their 
requirements for energy If the hay is not of top quality, about 
2 pounds of com or other feeds should be fed daily 
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When Only Corn ob Sorghum Solace Is Available A heifer 
cannot consume sufBcient com silage or sorghum sihge to fulfill 
her protein requirements but can consume sufficient to meet her 
energy requirements Under such conditions, 2 or 3 pounds of 
a concentrate should be fed daily to each heifer One fourth 
of tlie concentrate should be a high protein supplement, sucli as 
hnseed oil meal, soybean oil meal, cottonseed oil meal, or similar 
feeds high in protein The lemamder of tlie ration may be com, 
oats, bran, or other more economical feeds 
When Nonlegume Roughages Only Are Available When 
nonlegume hays or poor quality legume hay, and corn stover or 
straw are the only roughage available, it would be wise to pur- 
chase some legume hay and feed one half legume hay with the 
poor roughage With this should be fed about 3 pounds of a 
gram ration consistmg of 2 parts corn or other grams and 1 part 
high protein feed 

If legume hay cannot be secured, more gram must be fed for 
even fair results The heifers should be fed about 5 pounds daily 
of a gram mcxture made of 1 part high protem concentrate and 2 
parts farm grains Not only are such roughages low m nutrients 
and digestibihty, but they are unpalatable and the heifers will 
not consume as much of them as diey will of good quality 
loughages 

Heifers Should Be Given Extra Feed before Freshening 
Heifers that are witlun 3 montlis of freshening need additional 
feed They should be fed about 2 to 5 pounds of a low protein 
gram ration, the exact amount depending upon the condition 
of tlie heifer and tlie kinds of rougliages that they are being fed 
The object of this extra feeding is to have the heifers m good 
flesh when they drop their calf since they will usually pioduce 
more milk if they are in good flesh at time of freshening The 
heifers should be handled m die same manner as dry and fresh 
emng cows 

AGE OF BREEDING 

Effects of Early Breeding on Size of Animal The age at 
which heifers should be bred depends upon several factors In 
Its studies on tlie subject, the Missouri Station * found tliat, 

• Vo Exp Sta Bui 133 and Mo Res Bui 31 
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v^hercas gestation in itself ditl not affect the rate of gro\^'th to 
any great extent, lactation had a dccidc-d influence upon ^ 
Heifers during lactation did not grow nearly as fast as did unbr^ 
or pregnant heifers of the same age and breed- As a result, 
heifers that caKed s^hen 20 to 2-1 montlis of age did not 
so large at maturity as those that calscd at a later age. 
most decided effect upon the si 2 e of the mature dairy cow is pre^ 
duced when the heifer is fed a light ration during ^e 
period and at the same time bred to eah e early. This, no dou 
is one of the main reasons \shy numerous undersized cows are 
found in many herds. 

Effect of Early CaKing on Milk Production. Heifers tlut are 
well grown and somewhat mature will produce more during c 
first lactation than heifers frc-shening at a >ounger age. ^ ® 
LXIII, in Chapter 22, gives age-conversion factors that 
the average differences in production due to age. But what eff 
will late or early calving have on the production in later la 
lions and on lifetime production? A heifer that does not 
for the first time until she is 56 months of age has lost a 
production compared to the one tliat calv cd at 24 months, 
higher > early production compensate for this? 

Table L\T1 shows the influence of age at first calving on e 


T.VBLE LVII 


BciTEsrAT Pbodcctios roB Cows or Dutebest .Vces at Fib^ 
ClLVlAC 


Age at 
Fu^t 
Calving, 
months 

No. 


Lactation 


Cows 

Ul 

2ml 

3ni 

4lh 

5th 

13-21 

10 

206 

363 

3SS 

422 

434 

22-23 

14 

335 

353 

433 

439 

403 

24-25 

56 

330 

300 

402 

406 

414 

20-27 

58 

311 

333 

395 

415 

421 

28-29 

36 

327 

300 

399 

599 

415 

30-31 

15 

355 

352 

403 

427 

429 

32-33 

24 

373 

365 

414 

425 

423 

34-35 

23 

333 

417 

449 

457 

392 

30-42 

17 

372 

399 

426 

428 

391 


ilean 

331 

302 

403 

419 

414 


Total 
for 5 
Lacta- 
tions 
IStS 
1&C3 
1912 

liS,3 

1900 

19C0 

iOOO 

5043 

501C 

19S4 


-Vse at 
Ewl of jd* 
Lactatioa, 
moatliS 


34 

bG 

34 

ST 

39 


9G 


103 
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production from tlie first through the fifth lactation as found 
at the Wisconsin Station * 

The greatest difference in production was in the first lactation 
Heifers that were over 31 months of age at first calling were 
generally higher during the first four lactations, hut decreased 
m production dunng the fifth lactation Although they had 
slightly more total production for the five lactations, the differ- 
ence was not great It would not compensate for the cost of 
maintaining the heifer for the longer period before first calving 
Since the study did not go beyond the fiftli lactation, it does 
not give the relationship with lifetime production nor with 
longevity Some dairymen believe that late calving heifers do 
not remain in the herd as long as tliose calving at an aveiage age 
These workers found the total production to 84 months of age 
for the same cows Theu: results are tabulated in Table LVIII 

T VBLE LVin 

\ge of First C^lmng and Total PnoDucrioN to 84 Months of \gb 
(Pounds Botterfat) 

\ge at First Cal\ mg montlis 

18-21 2'’-2a 24-25 27 28-29 50 31 32 33 34 30-42 

Production to 84 
months of age 
in pounds of 

butterfat 1870 1D30 1910 1810 1700 17'’0 1580 lo40 1400 

Except for those calving at the very young age of less than 21 
months, the younger calving ages gave a greater total produc 
tion to 84 months of age than the next older calving group 

In a study of the dairy herd at die Pennsylvania Station 1 data 
were collected on forty grade Guernsey cows that had milked 
over five lactation periods From these data Table LIX was 
compiled to show the effect of age of calving upon later pro 
duction 

This study seems to indicate that later calving tlian is usually 
practiced gives higher production In consideration of the extra 

" Pfoc Am Soc Animal Productton (1936) 
tPa Exp Sta Rept (1915-1916) 
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1 VBLL LIV 

Effect or \ge op Caevinc os Pat I’iioductios 

\gt of Calsing Vseragc I’rwiuction 

months of tat, pounds 

201 

2t-30 2C8 

30-30 278 

30-40 2j2 

cost and care, however, it may not be advantageous to keep the 
lieifers to this age before breeding. 

The heifers calvmg after 36 months of age produced less than 
anv of the earlier-calving heifers 

Effect of Elarly Calvmg on T>'pc EcUes found that ear) 
calvmg tended toward a smaller and more refined t)!?© of cow 
than late calving. 

Conclusions From a considerabon of the above it would seem 
that the age of first calvmg should be given some considerabon. 
Calving at too early an age is dctnmental to the size and laf^ 
production of an animal but not much advantage is to 
gained bv havmg the heifers freshen at too late an age 
that have been poorly fed or arc small for any reason should no 
be bred as early as those that are well grown On the other 
hand those that have been heavily fed especially with h^ 
gram feeding throughout their grow mg penod should be br 
early The time of breeding heifers should be based on size as 
well as on age 

Heifers that are normal m size should be bred to freshen at 
the follovvmg ages 

Montha 


Jetsevs 24-27 

Guenii>e>5 26-29 

AjTshiFes 27 30 

liolsteuis 27 30 

Brown Shi»> 28-32 


HOUSING THE HEIFER 

Since the heifer is unproducbve she should be maintained^ 
cheaply as possible The bam m which heifers are kept need 
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not be expensive, but it should be diy and convenient One of 
the best types of shelters for heifers is an open shed in ^vhlch 
they can be protected from winds and lains Many think that 
such quarters are moie healthful than closed barns Such a shed 
can be cheaply and easily built 

It is often desirable to have stanchions or some means of tying 
the heifers while eating, otherwise, the laiger ones may consume 
more than their share, whereas some of the smallei ones go 
hungry and hence will not make normal giowth This difRcuIh 
may be obviated by dividing the heifers into small gioups of 
even sized heifers 


TMJLD LX 

Recommended Daily Allowances for Growing Dairy Heifers * 


Body 

Weight, 

Digestible 

Protein, 

TDN, 

Ca, 

P, 

Carotene, 

pounds 

pounds 

pounds 

gm 

gm 

Dig 

oO 

0 20 

1 

4 

3 

0 

100 

0 10 

o 

8 

0 

0 

150 

0 30 

3 

12 

8 

9 

200 

0 GO 

4 

1C 

11 

12 

400 

0 80 

0 3 

20 

15 

24 

OOO 

0 85 

8 5 

18 

15 

36 

800 

0 00 

10 

10 

15 

48 

1000 

0 93 

11 

15 

13 

CO 

1200 

1 00 

12 

13 

13 

72 


“ Recommended Nulxicnt allowances for Daiiy CaUle, Nat Raearch 
Cotmcil 


TcLding Standards for Growing Dairy Animals. Table LX 
shows the requirements for growing dairy heifers of various 
sizes 

An 18 month old Holstein heifer weighing 850 pounds would 
rt<iuirL about 0 91 pound of digestible protein and 10 25 pounds 
of tot il digestible nutrients It would require 20 pounds of good- 
(pi ihly legume Iny or 10 pounds of the same hay and 30 pounds 
of corn sihge to supply the above requirements Fifteen pounds 
of mixed Iny and 4 pounds of a gram mixture would suflice A 
11 month old jersex heifer weighing 500 pounds would need 
0 82 pound of digestible protein and 7 5 pounds of total digest- 
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ible nutrients Ten pounds of clover hay and 3 pounds of a gram 
mixture would supply the requirements 

The most prevalent type of poor feeding of dairy heifers is 
merely insufficient feed A heifer should be grown sufficiently 
large to take her place in the milking bam after calvmg and give 
a good account of herself at the pail This is of more importance 
to the dairyman than it is to produce the heifer at a slightly 
lower cost. 
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Feeding and Cai'e 
of the Sire 


Less IS known about the feeding and care of the herd sire than 
of the dairy cow or the calves and heifers, probably because in 
the past there was usually only one bull on a farm, so that die 
number of them to be cared for and fed was small as compared 
to cows and heifers Furthermore, since the bulls were not pro 
ductive, the means of knowing when they were being properly 
fed were not so reliable 

Research studies, however, have subsequendy been made on 
die nutrition of breeding bulls With breeding studs, a large 
number of bulls are maintained at one place, and it is possible to 
feed various types of rations and various levels of feeding to bulls 
maintained under the same conditions Also, the study of the 
semen both in the laboratory and in the field furnishes a measure 
of results obtained 

Fecdmg the Bull during the Growing Period. Since the bull 
IS going to be used at the head of a herd when he is mature, it is 
necessary that he be given every possible chance to de\elop in 
size to the full extent of bis inheritance A stunted bull that 
never reaches its maximum size may be just as good a breeder 
as a well grown one but there is no way to tell that the smallness 
IS not due to inheritance, and the animal is looked upon with 
disfavor by those who do not know Ins history For this reason 
the bull should be well fed from birth Table LXI shows the 
normal growth of bulls of the various breeds, according to the 
Missouri Experiment Station * 

For the first C months of his life, the >oung bull should receue 

• ^/o Ex;) S/a Bui 336 
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T.UH i: lAI 


NoRMVIi GllOWTU IS \\EIt.UT AM) IIlICIIT OP DaUJV IJt-LLS 



Ajfiliirc 

lloktiiii 

Jcfse> 

Gucrii'cj 

montlis 

^\ Light, 
pounds 

lUiglit 

ut 

\\ilh 

crsi. 

inches 

\\c«„ht, 

pounds 

Ilciglit 

at 

ers 

inches 

M eight, 
I>oun(U 

Height 

fll 

l\ith 

trs. 

inches 

Weight, 

{Miunih 

Height 

at 

With 

ers 

inches 

ISirUi 

81 

37 3 

U4 

iJ 4 

bO 

30 3 

71 

37 7 

1 

101 

38 4 

133 

31 3 

78 

37 g 

87 

30 3 

i ' 

133 

7 

IC4 

Si 3 

104 

39 7 
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the same care and feed as a well cared for heifer Since he 
to head the herd, the item of cost should not be considered as 
much as m the raising of a heifer He should be fed m such a 
way that he will always be thnfty and growthy At this time 
they should be fed a good gram ration containmg from 12 to 
15 per cent protein and prachcally all the good legume hay that 
they desire Almost any combination of gram is satisfactory, 
although, if nonlegume hays are fed, a ration higher in protein 
IS necessary In that case a ration similar to 2 below will be rec 
ommended Cram mixtures which have been recommended for 
feeding at this time are as follows 



333 


Feeding and Care of the Sire 

Ration 2 

2 parts corn or barley 

3 parts oats 
3 parts bran 
2 parts linseed meal 

Most feeders use the same gram mLxture which is fed to the 
dairy heifers The young bull should be fed from 4 to 8 pounds 
of gram daily, depending upon his size and the amount of 
service he is allowed The amount of legume hay which a bull 
ivill consume depends upon his size, a mature bull will eat as 
much as 1 pound of hay daily per 100 pounds of body weight 
There is a belief among dairymen that silage fed to bulls de- 
velops paunchiness and reduces their potency. Research * in- 
dicates, however, that bulls may consume grass silage in amounts 
up to 4 pounds per 100 pounds of body weight without harm- 
ful effects. 

Olson t fed bulls on rations supplying 70, 100, and ISO per cent 
of die T D N recommended by the Morrison's standard In 
one trial die bulls were placed on these levels of feeding at 8 
mondis of age and continued to 36 months of age In another 
trial the study was made when diey were from 27 to 64 months 
of age. He states, ‘Tlie measurements of quantity and quality 
of semen generally favored the bulls fed 100 and 130 per cent 
of die normal ration Dunng the first part of die trial the well- 
fed bulls exlubited the greatest libido Toward the end of the 
Inal, the ability of the overweight bull to serve decreased ” 
Young bulls \ grown on rations deficient m vitamin A have 
been found to produce poor-quality semen or failed to breed 
Fcedmg the Service Bull, A bull in service should not be fat 
but should be fed so that he is m good breeding condition It 
IS a common belief that a fat bull lacks stamina, and that he 
may even become impotent from too much fat On the other 
hand, a bull should not be allowed to become too thm If the 
conditions on a farm arc such that breeding is limited to one 
season, the bull should be so fed that he is gaming in weight 

• J Duiry Sd . 33 949 
t / Dairy Sci , 33 489 
t ; Dairy Sd , 29 522, 30 687 


Ration 1 

5 parts wheat bran 
4 parts ground oats 
1 part hnseed meal 
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dunng this period On most farms, hoiiever it is 
to have cows bred to freshen the >ear round, a fact vvh 
naturallv causes the breeding to extend over a longer P™ 
time Bulls m such herds must be fed in much the same m 
at all seasons of the >ear , 

Some dair>mtn feed the bull the same gram mixture that me) 
feed the herd, on the assumption that to be m good breeuu s 
condition he should receive a reasonable amount of protein 
common gram ration for the mature bull is as follows 


3 parts com meal 
3 parts ground oats 
3 parts wheal bran 
1 part hnseed meal 

when the bulls are not on pasture, the importance of 
good -quality legume hay cannot be ov eremphasizecL ^ ^ ^ 

feed contaimng abundance of protein, minerals and 
The pracUce of giving only the low grade roughages to bulls 

not to be recommended -/Ime 

Branton • has made the following recommendation for te e 
bulls used in artificial breeding. One pound of ha> (or 
equivalent) and 0 4 to 0.5 pound of concentrates daily for ea 
100 pounds of body weight of the bull Ten per cent 
in the concentrate mixture was found to be sufficient " 
legume hay was fed, or 12 per cent when mixed hay was 
Pasture furnishes the best feed for bulls and assures 
exercise Bulls are not usually pastured, however, because ^o^ 
the strength of the fence rec^uired to hold a buU- The 
two-wire, double-controlled electnc fence inside a w® ^ 
permanent fence is quite effective Dehorned bulls are not 
destructive to fences as bulb with boms , .. 

Green feed and sunhght are beneficial to the breeding 
It is desirable to supply some pasture for the bull if ^ 
When pasture cannot be provided, some green feed shou 
cut and fed to the bull Often, the bull is the poorest fed 
animal on the farm throughout the year, unless he has access 
seme pasture 


• / Dairy Sa^ 30 1003 
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Bulls in a Wisconsin breeders’ cooperative ® fed an all rough- 
age ration produced semen of equal fertility to semen fiom bulls 
fed grain and roughage 

Experiments at the Cornell Experiment Station f did not 
show that, for the nutrition of bulls, animal proteins were supe- 
rior to plant proteins in the production of semen or in its 
fertility 

Teaching the Bull to Lead. When the bull calf is 5 or 6 months 
of age he should be separated from the heifer calves, because at 
that age he may become sexually mature and may breed some 
of the young heifers if allowed to run with tliem At that age, 
or even before, he should be taught to lead so that he may be 
more easily handled when older It is best to lead the bull at 
intervals to keep him used to being handled 
Ringing the Bull. When he is 10 or 12 months of age, a bull 
should have a ring put m his nose The ring at this time should 
be of light weight and about V/_ to 2 inches in diameter It 
should be of some nonrustmg material, such as copper or alumi- 
num When the bull is older this ring should be replaced witli 
a larger one, and when he is mature, a strong 3 inch brass or 
cannon metal ring should be used 
To ring the bull, it is advisable to hive him well fastened in a 
stanchion or stocks The opening sliould be made through the 
thm tissue of the nose wiUi a bull nose punch, a trocar, or a 
sclf-piercmg ring The ring is then put in and fastened securely 
by a screw Care should be taken to change the ring before it 
becomes too bidly worn, because a weak ring is hazardous 
Staffs. After the bull his a nng in his nose he should be 
trimcd to lead with a staff One sliould never take chances 
uith a lirge bull because he miy become \icious at any time 
Se\<.ral mikes of staffs are on the market, some of which are 
fitted with special devices designed particularly to handle vicious 
bulls The staff should always be used on all bulls, as it is 
usually the “gentle' bull that ciuses trouble The owner of a 
Mcious bull IS geiierilly prepired agimst him 

Dehorning. If the bull is to be kept in a herd where showing 
U furs IS not practiced, it is ad\isiblc to present the growth 

• / Dairy Sci , 33 870 
I J Dairy bci . 32 292. 
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of the horns by tlie use of caustic or by 

scribed previously Many seem to prefer to 

grow until the bull is about 2 years of age and tl.en re 

diem They think diat the bull, once having learned to use his 

horns, misses tliem and becomes much more tractable a 

would be other^vlsc Since bulls are always more or less dan- 

cerous, it is recommended that their horns be remove » 

in herds of highly developed purebreds The dehorning o 

mature bull is quite an undertaking unless proper 

used Removing the horns may temporarily affect the po e ^ 

of the bull, the large opening into the sinus that is let 

bulls 2 years old or older are dehorned occasionally gives dim- 

culty in healing and closing and may become infected 

Service. A young bull should not be used regularly unti 
to 15 months of age If well grown and vigorous he may e 
used occasionally after 10 months of age The amount 
service should be limited to not more tlian two services per wee 
until the bull is 18 months old As he grows older, however, n 
can be given more frequent service Mature bulls may be use 
for as many as 150 services per year, if these are evenly > 
tnbuted Tlie number of cows that he could serve woul , 
course, be determined by the number of rcbreedings 
However, on most farms the breedmg cannot be evenly dis i 
uted, therefore, it is usual to keep one bull to each fifty or sixty 
cows Young bulls should not be used too frequently as over 
use may be responsible for a decline in their vigor and poten^ 
Bulls should not be allowed to run with the herd during 6 
breeding season One of the reasons for this is that a bul run 
nmg m pasture is in contact with a cow in heat, causing issi 
pation on his part, a condition that bnngs on impotency muc 


earlier than would otherwise occur 

In artificial breedmg studs, bulls are usually bred only once 
per week Sometimes they may be bred the second tune u 
where bred only once they give a larger and stronger ejacu a e 
than when used more often Nature is lavish in anticipa^u o 
reproduction and one service properly conducted is suincieo 
to impregnate many animals However, if a bull has not e 
used for some time, there is some indication that the first ejaw 
late may not be as good as a second one It requires care 
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service to preserve a bull’s breeduig qualities until old age 
Often, when a bull reaches the age of 8 or 10 yeais he becomes 
slow in breeding and may become uncertain. 

Exercise. There is some difference of opinion as to whetlier 
dairy bulls should be forced to take exercise. Many breeders 
have thought that bulls would keep in better physical condition 
and produce more and better semen if they were forced to take 
exercise regularly Many types of exercising devices have been 
constructed to force the bull to take exercise 

On the other hand, since the development of artificial breed- 
ing, when large numbers of bulls are kept together in one stud, 
the importance of forced exercise has not been found so neces- 
sary as formerly believed In fact, many of the studs have dis- 
continued the use of forced exercise, and the bulls are given only 
the exercise they secure when turned into a roomy yard Bulls 
should probably be allowed out in a roomy yard daily oi at least 
2 or 3 times each week If animals are confined in poor, 
cramped quarters, tliey may have trouble vvjtli then feet and 
legs Overgrown hoofs and swollen and inflamed joints result- 
ing from too close confinement may prevent a bull from giving 
normal service even though his semen may be nonnal 

Housmg die Bull. Too often the bull is kept in a dark, dirty 
stall and is kept tied most of the time Since the bull has so 
much influence on the success of the herd, he should be given 
comfortable quarters. Although many dairymen keep the bull 
m a box stall in the same barn widi the milking herd, most of 
them prefer to keep the bull in a separate bam, away from the 
otlier dairy animals The stall should be about 12 feet square 
It should open into a strongly fenced paddock into which the 
bull has free access or is turned daily The stalls and fence 
should be strongly built The pen should have a stanchion in 
which the bull can be tied during cleaning time 

The bull barn need not be tiglidy made A good roof and a 
wall to keep tlie wind and ram off the animal are all that is 
necessary A certain amount of exposure will not harm the bull 
provided that he his a dry, well bedded stall, free from drafts, 
into which to go during cold, wmdy, or rainy weatlier 

Handling Vicious Bulls. It often occurs that a valuable bull 
becomes vicious at the age of about 5 years, just about the time 



338 


Feetling and Care of the Sire 

his first daughters are in milk Bulls should always be handled 
kindly and should never be teased The attendant that handles 
the bull should never show any fear of the animal He sht^d 
handle the bull firmly and let Inm know who is master A bul 



aUvajs seems to know when anyone is afraid of him and wih 
make trouble for one who shows fear 

Great care should be taken to make the stalls and fences sur 
rounding the paddock strong and reliable so that the bull will 
have no opportunity to realize his own power 

He should always be led with a staff and if he is very vicioi^ 
two men should be used to lead him one on each side Each 
person may use a staff attadied to a separate nng m the nose, 
or one may lead him with a strong staff while the other uses a 
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rope or strap fastened into tlie second ring Often, vicious bulls 
are kept in such a way that they need be handled but very little. 
A breeding pen can be built m connection with the bull’s pen 
in such a fashion that, with a senes of gates, the cows can be bred 
without handling of the bull Tins is a very satisfactory way to 
manage bulls The details of a safety bull pen are shown in 
Fig 35 

Impotency. Many bulls, as they become older, become less 
certain as breeders and often lose their potency entirely This 
may be due to several factors The most common are improper 
feeding and excessive breeding However, little is known con- 
cerning this problem If more were known about the feeding 
of breeding bulls, this trouble would probably be greatly 
lessened Bulls may be made impotent by improper feeding 
and then made potent again by proper feeding Care should 
also be taken that the bulls are not given excessive service, 
especially when young 

Disposal of the Sire When a sire has been used in a herd, 
he should not be disposed of by sale, slaughter, or otherwise, 
except perhaps to be loaned out to another breeder, until his 
daughters have come into milk Many bulls aie sold before their 
real value has been discovered The first heifers do not come 
into milk until the bull is 4 or 5 years old Usually, the bull 
has been disposed of before that age is reached, and so, if his 
daughters prove to be exceptional milkers, it is then too late to 
get him. back If such, a hull has been retained he should not 
be sold as long as he keeps Ins breeding power After he has 
passed his service days in one herd he should be transferied to 
another Many instances are on record in which bulls have been 
transferred from one herd to another and m each herd have 
improved tlie records of the daughters over those of the dams 
A bull properly handled should easily breed from 9 to 10 years, 
and many will breed much longer than this, even to 16 or 18 
years of age Several methods have been used to retain the bulls 
until their worth is known After sampling some large breeders 
put bulls out with otlier breeders, with an agreement that they 
may be secured again when needed Others sell bulls with the 
option of buying them back again at a certain price if desired 
Others retain them in their own herd with limited use 
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Although dairy animals have been used since the dawn o£ his- 
tory, the study of their breeding is a late development All 
breedmg up to the time of Robert Bakewell of Deshley Hall, 
Leicestershire, England, in the middle of the eighteenth cen- 
tury, was without scientific foundation The early herdsmen 
may have used selection to a very limited extent, but if so they 
had no knowledge of the reason for so doing It was Bakewell 
who began to improve animals by a metliod founded upon the 
principle that “like produces like” By careful selection and 
by mating animals resembling each other closely in conforma- 
tion, he was able to fix the type that he desired By this method 
it has been possible to establish breeds of livestock that have 
done more to bung about better animals than any other one 
factor 

It is true that tlie ancestry of many of our dairy breeds may be 
traced back for several hundreds or even thousands of years 
Caesar found m Friesland the ancestors of our present Holsteins, 
even then developed into a very good type of dairy animal The 
Brown Swiss and the Simmenthaler have lived for hundreds of 
years m the mountains of Switzerland However, up to the 
time of Bakewell, tlie mtroducbon of new types into a country 
was brought about by conquest or by migration, and these, 
plus geographical isolation, were the chief factors in the devel- 
opment of distinct breeds 

Today, all cattle breeding can be classed under the two heads 
of breed improvement and herd improvement The country 
as a whole, of course, is greatly interested m dairy cattle breed 
341 
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If the bull proves to be a poor breeder or if he becomes im 
potent for any reason, he should immediately be disposed of to 
the butcher 
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tury, was without scientific foundation The early herdsmen 
may have used selection to a very limited extent, but if so they 
had no knowledge of the reason for so doing It was Bakewell 
who began to improve animals by a method founded upon the 
principle that “like produces like.” By careful selection and 
by mating animals resembling each other closely in conforma- 
tion, he was able to fix the type that he desired By this method 
it has been possible to estabbsh breeds of hvestock that have 
done more to bring about better animals than any other one 
factor 

It IS true that tlie ancestry of many of our dairy breeds may be 
traced back for several hundreds or even thousands of years 
Caesar found m Friesland the ancestors of our present Holstems, 
even dien developed into a very good type of dairy animal The 
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years m the mountains of Switzerland However, up to the 
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opment of distinct breeds 
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341 



342 The Pnnaples of Dairy-Cattle Breeding 

improvement, which is a factor of great importance ^ch 
individual dairy farmer, however, is chiefly mterested m herd 
improvement If he is able to improve his herd so that he gets 
a greater return for his labor, it means much to his ovvai welfare 
Whatever is for permanent herd improvement must m the end 
react for permanent breed improvement In fact all the un 
portant breed improvements durmg the past >ears have wme 
about largel> through the great strides made by some of the 
master breeders m their owti herd improvement 

The early breeders did not fully understand the reason or 
selection and close breeding but the breeder of today has an 
explanabon of the good results of these practices and an under 
standing of the factors underlymg breedmg helps him m bis 
breedmg operations 

CARRIERS OF HEREDITY 

The cell, as previously stated, is the unit of life The body is 
made up of cells grouped together m a compact mass There 
two lands of cells in the ammal body— the body cells and me 
germ cells The body cells constitute the bulk of the mdi 
viduaL The germ celb are specialized for reproduction an 
contain the hereditary material that determines the identity o 
each individual and is known as germ plasm This is the part 
of the living substances which passes down the line of descent 
from one generation to another 

Each cell contains wi thin jts walls a small body known as the 
nucleus, containing a number of tmcroscopic bodies known as 
chromosomes These are found m pairs and m a definite num 



chromosomes are considered the bearers of the elements that 
determine the inheritance of any ammak These elements, or 
factors, as they are called, which determme the mhentance, 
appear to be strung along the chromosome m a linear arrange- 
menL Each of the factors is distmct and is transmitted from 
one generation to another without undergoing any change or 
becoming contaminated by association with others They do not 
mix hke milk and water, but rather like black and white marbles 
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Although these factors are disboct units in themselves, many 
of them are often required to brmg out a character. A char- 
acter, then, IS tlie result of the interaction of many factors plus 
environment Milk production and butterfat percentage are 
probably dependent on the cumulative effect of a number of 
such factors. 


THE CELL IN REPRODUCTION 

The mature germ cell of the female is called the ovum, or egg, 
and tliat of the male is called the sperm In the formation of 
mature germ cells the cell divides, and each sperm or egg con- 
tains only one-half the normal number of chromosomes 
“About the period of heat of the cow, one or more of the clear 
vesicles that can be seen m the ovary enlarges and ruptures 
There is expelled a tiny colorless ovum or egg which can only 
be seen witli difficulty by the naked eye This ovum is received 
witliin the funnel-hke membrane which noimalJy surrounds the 
ovary, and then passes to the apex of this funnel and then into 
the narrow duct leading to the horn of the uterus It is while 
in this duct that it comes in contact with a large number of 
male germ cells A single sperm gams access to the ovum and 
fusion of the two results This constitutes the act of fertiliza 
tion, and the life of a new individual commences at once 
‘The ovum carries the complete contribution of hereditary 
factors which are supplied by the motlier while the sperm car-' 
nes the complete paternal set The fertilized ovum now com- 
mences to divide, and a process of rapid multiplication sets in ” * 
This leads to the development of a new mdmdual with a new 
set of characteristics contributed equally by the male and the 
female 

MENDEL'S LAW 

Inheritance is fixed at the time of the fertilizahon of the egg. 
It cannot be changed An individual may fail to reach the full 
development of the inherited qualities with which he is en- 
dowed because of environmental conditions, but he can never 
exceed his inherited possibilities 

* Recent Developments m Cattle Breeding, Finlay 
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The laws of heredity were first discovered by Johann Gregor 
Mendel, an Austnan monk, who published the results of his 
work in 1866 after 8 years of careful experimenting. His paper 
was not appreciated until 1900, when it was brought to hght, 
and since that tune the laws that he discovered have beM 
the general guide for students of genetics Mendel expemnented 
with peas and, by studymg the inheritance of simple characters, 
such as size of pea, vme, or color of flower, was able to forrou 
late the pnnaples of mhentance very much as they are under 
stood at the present time He found that when tall and dwarf 
varieties were crossed all the progeny of the first generab^ 
were tall, hence, tallness is said, to be “dominant” over dwarf 
ness, and dwarfness to be “recessive” However, when di^ 
hybrid peas of the first generation were planted they produced 
a mixed progeny, three fourths of which were tall and one fourth 
dwarf By plantmg the dwarf peas it was found that they m 
variably bred true to dwarfness, but the tall variety did n<^ 
behave m this manner Careful study disclosed that one third 
of the tall peas bred true to tallness, whereas two-thirds, though 
tall themselves, bred both tall and dwarf in the proportion of 


three to one, like the first generation 

In the same way, the factors in the animal body segregate at 
the tune of mating For example, if a red cow were bred to a 
homozygous black bull, all the first generation offsprmg would 
be black, hence, black is said to be dominant over red. In the 


second generation, the offspring would spht up m the proper 
tion of three blacks to one red The red would breed true 
to red when mated with red, and one third of the blacks would 
breed true to black, but the others would give three blacks to 
one red, like the first generation This is illustrated in Fig- 66 
Figure 36 also illustrates how an animal may be black m color 
but may carry a factor for red, and when mated with another 
animal of the same factoral constitution, may give a red calf 
Such cases tliough not common in the United States, frequently 
occur m the Holstein breed Recessive factors may be earned 
for several generations without external manifestation but when 


they recombme with other factors of the same kind the character 


will reappear An animal that is pure for a pair of factors as 
for example, the animal containing BB m the following iflu^ 
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trabon, is described as being homozygous, and an animal tliat 
has both members of a pair of factors is described as being 
heterozygous, as, for example, the animal contaming Bb m the 
following illusbabon 

Another character of general observabon that is inlierited as a 
simple factor is the presence or absence of horns m cattle 



Pure Hrbnd Hybnd Pure ( Three bUck to 

» t oBO red 

BIftck Black Black Bed 


Fic 86 Illustration of Mendel s Law When a pure blacl. animal is mated 
\Mth a pure red animal, the offspring will be black but will carry the factor 
for red If these are mated, tlie resulting offspring will be of tlie ratio of 
three blacks to one red 


Here, the homed condition is recessive to the polled condition 
AJf homed caftie, therefore, cany die recessive factor m a homo- 
zygous condition A homozygous polled animal mated with a 
horned animal will always produce polled olfsprmg that are 
heterozygous Because of this, offspring of polled animals are 
often homed, they receive a recessive homed factor from each 
parent 

The foregoing examples of Mendehan mhentance are for 
smgle unit characters Such inheritance is comparatively simple 
However, when the bvo organisms that are crossed differ from 
each other witli respect to two or more different unit characters, 
the problem becomes more complicated Crosses of the latter 
type will not be considered in this chapter 
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INHERITANCE OF MILK PRODUCTION AND 
BUTTERFAT PERCENTAGE 

In the study of dairy cattle, milk production and butterfat 
percentage are the characters that are the most important eco 
nomically Characteristics of economic importance, such as 
milk production, are quite distinct from characters such as coat 
color and the presence or absence of horns, in that the former 
are quantitative and have a contmuous distribution m a popu 
lation of individuals, whereas the latter are qualitative and 
discontinuous Because of this, it has been impossible to iso 
late specific genes which influence milk production, nor has it 
been possible to determine how many genes are invohed In 
addition, it must be recognized that environment exerts a great 
influence on the level of milk production The facts that are 
known then are that there are many genes involved in the 
genetics of milk production and that there is a great amount of 
variation caused by changing environment 

The problem of breeding for high milk production is one of 
decidmg which animals should be saved for breeding within 
the herd or when purchasmg an animal from outside the herd, 
to be assured that the animals to be purchased will improve the 
performance of the herd Several techniques of a statistical 
nature have been developed that have increased the efficiency 
of the application of genetic principles to the problems of am 
mal improvement 

From this work, however, certam fundamental concepts may 
be presented with certamty First of all, the selecting for high 
milk production is subject to tremendous error every time a 
decision is made about an individual animal This error is due 
to the large variation caused by environment, and to the large 
amount of Mendelian samphng associated with traits that are 
influenced by many genes \Vhen considering a bull that has 
several daughters with a very high average production, it must 
be borne in mind that several hictors are involved, one or more 
of which may have contributed to this high average such as 
the following (1) the bull is genetically a better than average 
hull, (2) the daughters resulted from a better than average 
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sample of the genes from tins bull, (3) the daughters received 
better-tlian average environment, and (4) the daughters may 
be out of genetically superior dams 
Just how much each of these factors contributes cannot be 
known with certainty for a single bull, but it is known that the 
high daughter average production is partially (and only par- 
tially) due to the genetic superiority of the bull 
When using pedigree information, distant relations tell less 
about tlie inheritance of an individual than do close relatives, 
such as the parents or full sisters When it is realized that even 
a large number of records on an individual is not entirely accu- 
rate for appraising that individual, it is apparent that to give 
much consideration to a great grandparent or even to a grand- 
parent may result in a very misleading appraisal of the indi- 
vidual under consideration Only 20 to 30 per cent of the 
variation among individuals with smgle milk production records 
is due to genetic differences, and even with repeated records on 
the same individual, only about 40 per cent is due to real differ- 
ences among the individuals When a certain individual is kept 
for breeding it is because one expects its progeny to be better 
than those that are culled It is worth noting, however, that 
even if the parents’ genetic constitution for milk production were 
known accurately (which would be possible if they had an mfi 
mte number of records), the genetic merit of the progeny can 
be estimated only 71 per cent accurately 

In summary, when one is breeding for high milk production, 
several factors must be kept in mind, such as (1) many genes 
are involved, (2) environment has a large iniluence, and (3) 
as a result, a person is subject to a large error 

An attempt must be made to take these facts into account when 
using production records as a basis for selection This is done 
by regressmg the records of the high producer towards the breed 
average, and in trying to evaluate the environmental conditions 
under which the records were made 

The same generalizations can be made about butterfat per- 
centage as have been made about milk production Butterfat 
percentage is easier to predict than milk production, since it is 
not affected so much by environment * A slight negative cor 
• J An Set, 0 479 (1947) 
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relation seems to exist between milk production and butterfat 
percentage As the milk production goes up, the fat percentage 
tends to go down, and vice versa However, it is possible to 
increase both milk production and fat percentage in the same 
herd ® 

DETERMINATION OF SEX 

Many theories have been advanced concerning the method of 
controlling the sex of an individual before birth None of these 
has stood the test of experimentation 



Tliere is evidence that sex is determined in cattle and other 
mammals in the same way genetically as in the fruit fly m which 
the method of determination xvas found as far back as 1905 The 
difference between the sexes mvolves one pair of chromosomes 
The sex chromosomes in the female are similar and are usually 
referred to as XX In the male one of the pair is similar to 
those of the female but the other is different in shape and m 
the number of genes located on it The sex chromosomes of the 
males are usually designated XY During reproduction the 
•USDJi Tech Bui 349 (1933) 
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Relative Importance of Sire and Dam 

male forms two types of sperms, one of which carries the X 
and the otlier tlie Y chromosome. At fertilization, when the 
sperm unites with the egg, one-half of the resulting ofFspnng, 
those in wluch one X cliromosome of the female unites witli the 
Y chromosome of tlie male will be males, and the other half, 
those in which one X cliromosome of tlie female unites with the 
X cliromosome of the male, will be females, as shown in Fig 37. 
There is, tlierefore, no way of controlling se\ It is simply a 
matter of chance whether the female germ cell will unite with 
the X or tlie Y chromosome of tlie male It often occurs that a 
breeder obtains a preponderance of one sex or the other m a 
given year, but this is easily explained as tlie result of chance. 
If a sufficient number of animals are considered, the numbers 
of males and females will usually be about equal 

RELATIVE IMPORTANCE OF SIRE AND DAM 

The only difference that might be possible between tlie rela- 
tive importance of tiie inheritance from tlie sure and dam would 
be caused by sex-lmked characters, caused by those genes on 
one of tlie se\ chromosomes Thus, if the gene were recessive 
and located on the X chromosome, the character would not 
appear in the female unless it were present m tlie homozygous 
condition. With the male, however, with no allele, the charac- 
ter would appear when a recessive gene was present m the 
hemizygous condition or when only one recessive gene was 
present Since there are 30 pairs of chromosomes in dairy cattle, 
so tliat only 3 or 4 per cent of the genes would be on tlie sex 
chromosomes if they are fairly evenly divided, it would be very 
difficult to detect the presence of individual genes, and hence 
research has not disclosed many sex-hiiked genes 

With milk production, which is a sex-limited character, it has 
been suggested that sex-lmked genes are effective A cow’s 
production might resemble her paternal more than her ma- 
ternal grandam, under similar environmental conditions This 
is true because she is certain to receive one of her X chromo- 
somes through her sire from his dam Her other X chromosome 
would of course come through her dam but with equal chance 
that It would be the one received from the grandsire or grandam. 
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Evidence to prove that this would have very much effect would 
be difficult to secure For the bull, there is a perfect transmis 
Sion of the Y chromosome from the paternal grandsire through 
the sire, but there is no transmission of an X chromosome from 
either paternal grandparent One parent may carry a greater 
number of dominant factors than the other and thus stamp 
or her mdividuality upon the offspring to the exclusion ° ® 

less dominant parent However, it must be borne m mind 
the offsprmg of such a mating will be heterozygous, and wi 
carry factors from both parents which may be passed on to i^ 
offspnng An animal that will pass on its characters to its off 
sprmg regardless of how it is mated is called a prepotent am 
mal Such an animal carries the factors for the expression of its 
characters, which may be either desirable or undesirable, m a 
homozygous state As noted before, milk production or butter 
fat percentage is the result of the interaction of several differen 
factors It IS, therefore, unusual for an animal to carry ° 
the factors for the expression of these characters When this 
does occur, such an animal would be of great value 

OTHER CHARACTERS 

Although milk produchon and butterfat percentage are the 
characters usually considered m the breeding of dairy cattle, other 
characters should also be considered, as many of them have an 
economic value Some of the more important of these are type, 
constitution, longevity, persistency, and fertihty These char 
acters are probably mhented by the Mendelian law in the 
same manner as is the level of milk production. 

Type is particularly important to the man who wishes to show 
his herd Every breeder however, should give it a certam 
amount of consideration, or the type of his cows may become 
such that he will have difficulty in selling them Furthermore, 
a lack of some of the characters that are considered in measuring 
good body type, such as, for example, a pendulous, poorly at 
tached udder, or poor feet and legs is of great economic im 
portance Cows with pendulous udders are more likely to have 
mastitis than those with well attached udders and cows with 
poor feet and legs are not likely to stand up under the strain 
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of heavy milk production and will probably leave the herd at an 
early age 

Some animals m a herd lack persistency in production They 
may start out with great promise but go dry long before they 
should Tills seems to be an mherited character 

Some families of dairy animals are notably shy breeders 
This may be an inherited weakness, and of course a very im- 
portant one No matter what factors for milk production an 
animal may mhent, she may be an economic loss, if because of 
failure to breed regularly she stands dry for several months 
between each lactation Most kinds of sterility, however, are 
due to disease or management and such animals will not pass 
this character to their offspring 

Other animals may inherit the capacity for high milk pro- 
duction but may not inherit the constitution and longevity to 
enable them to stand up under die strain of heavy production 
All such factors should be considered in the breeding of dau-y 
animals 

THE FREEMARTIN 

At least one kind of sterility m cattle is not due to disease or 
inheritance When a female calf is born as a twin to a male 
calf, a sterile female, known as a freemartin, results in approxi 
mately 91 per cent of the cases The freemarbn is a female in 
which the reproductive organs have failed to develop properly 
In consequence, such an animal is not only sterile but also 
develops certain characteristics of the male The male of such 
a pair would breed normally 

Lillie," after extensive investigahon, found tliat this condition 
is due to the fact that the choria, or membranes, which surround 
the individuals are united in such a way that the circulatory 
system of the two are joined and the blood of one individual 
circulates tlirough the body of the other The blood of the 
female does not mterfere in any way with tlie normal develop- 
ment of the male, but the blood of the male circulating m the 
female seems to inhibit her full sexual development This is 
thought to be due to a hormone which is secreted by the male 
* Science, 43 611 
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fetus and carried through the blood, arresting the full develop- 
ment of the female reproductive organs Such females wall not 
breed. Occasionally (about 9 per cent) a female bom with a 
male will breed This is due to the fact that the chona of the 
two animals remam distmct so that each has its own circulatory 
system Then the female is not truly a freemartin. Nfales bom 
with males or females bom with females should breed normally 
These same conditions will prevail among triplets and qua 
ruplets when both sexes arc found 

A freemartm can be determmed at an early age by inserti^ 
an ordinary test tube mto the vagina of the animaL If it can be 
mserted the full length the heifer should be fertile, but if it 
will enter only about half the length of the test tube, the heifer 
IS probably a freemartin and will not breed 

TYPES OF BREEDING 

Three types of breedmg are in common use in this country 
These are (1) breedmg of grade herds, (2) breedmg of pure- 
breds, and (3) crossbreeding. The first of these is the one gen 
crally practiced by dauymen m the United States, the second 
one IS important to those who are developmg purebred herds, 
and the thud is as yet practiced but little by the breeders of this 
country although mterest m it is mcreasmg, especially m view o 
the results of recent experiments 

Breedmg Grade Herds Approximately 95 per cent of the 
dairy cows m the United States are grade animals Some o 
these are low grade, havmg httle blood of any recognized dairy 
breed, whereas others are of such high grade that they look h^ 
puiebreds Between these two extremes are bemg developed 
many that resemble the purebred m v arymg degrees 

It does not take many generations, starting from scrub or 
common stock, to develop a good milking herd If a succession 
of purebred sues is used the mhentance of the first generation 
will be one half, the second generation three-quarters the thu 
generation seven eighths, and the fourth generation fifteen su 
teenths purebred Even m the thud generation most of 
characteristics are the same as the purebred, and it would be diffi 
cult to tell by the appearance whether or not it was purebred. 
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If good sires are used tlie production should also be very satis- 
factory 

At the Iowa Experiment Station, thirteen scrub cows were 
mated to purebred sires of the Holstein, Guernsey, and Jersey 
breeds The scrub cows were handled and tested the same as the 
rest of the herd and averaged 3991 pounds of milk and 187 
pounds of butterfat (74 lactations) Thirteen daughters of tliese 
cows by purebred sires representing the three breeds averaged 
5556 pounds of milk and 253 pounds of butterfat (40 lactations). 
Five cows of tlie second generation by purebred bulls, grand- 
daughters of the scrub cows, produced 8402 pounds of milk and 
358 pounds of butterfat (6 lactations) The daughters of the 
scrub cows by purebred sires increased 64 per cent in milk and 
52 per cent in butterfat over their scrub dams, and tlie grand- 
daughters increased 130 per cent m milk and 109 per cent in 
butterfat over the original scrub cows Of course, this increase 
would not continue in every succeeding generation Greater 
care in the selection of sires must be exercised when the pro 
ducbon reaches or surpasses the breed average 

A somewhat similar experiment was conducted at the South 
Dakota Station The average production of the three ongmal 
cows was 4155 pounds of milk and 170 pounds of butterfat (20 
lactations) Nine daughters of these from the purebred Holstein, 
Guernsey, and Jersey bulls produced on the average 6707 pounds 
of milk and 260 pounds of butterfat (28 lactations), and seven 
granddaughters produced an average of 6260 pounds of milk 
and 267 pounds of butterfat (7 lactations) 

It can be seen that the second generation m this cross was 
not as good producers as the second cross in the first experi- 
ment This was attributed to tlie sires used, and largely to one 
sire which failed to maintam even the production of their dams 
However, the improvement m type, color markings, and other 
breed characteristics occurred m each succeeding generation 
and the tiiiid and later generation animals could not be dis- 
tmguished from purebreds 

Such experiments show in a very sinking manner what can be 
expected by the use of a purebred bull on grade animals Many 
high producing and profitable herds have been produced m tins 



354 The Principles of Dairy-Cattle Breeding 


way They can never be registered as purebred animals, but for 
the production of milk they may be just as profitable as a pure 
bred herd Of course, purebreds are necessary to furnish the 
seed stock for the grade herds 

Breeding Purebred Herds The breeders of purebred dairy 
cattle are not in full agreement as to the system of breeduig tlut 
will give the best results The object of breeding is to fix t e 
hereditary qualities which animals have in their genetic make 
up, so that these characteristics will be passed on consistently 
to their offspring Three different methods of breeding, namely 
inbreeding, Ime breeding and outcrossing, are used in the breed 


ing of purebred dairy animals 

Inbreeding Inbreeding may be defined as the breedmg o 
very close relatives, as son to dam, sire to daughters, or brother 
to sister It is one method of fixing characters, whether good, 
bad, or indifferent Two related parents should have a more 
nearly similar hereditary make up than two unrelated parent 
The offspring, therefore, should more closely resemble the 
parents In other words, if the characters become homozygous 
and if they are desirable characters, the resulting animal ^vul 
be a desirable one However, if they cany factors that are not 
so desirable, the resulting animal will become homozygous for 
such factors also It is seldom that an animal has all the desirable 


characters, therefore, when inbreeding is practiced, some unde 
suable characters may be concentrated along with the desirable 
For example, m dairy cattle the character for high milk pro- 
duction might become homozygous and at the same time the 
character for low fertility or for poor constitution might beconie 
homozygous Thus while a desirable character is bemg fixed, 
others that rob it of its usefulness may also be fixed Inbreed 
mg should not be used, therefore, without rigid selection Most 
of the experiments have shown that although inbreeding does 
increase milk production and often improves the type of the 
animal, yet it is, as a rule, acmmpanied by reduced vigor and a 
decrease in birth weight, rate of growth and size at maturity 
There were more deformities among the calves and the fertility 
was lower The California Station lists ten defects that ap- 
peared m the offsprmg of inbred animals namely, (1) partially 
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skinless condition (lethal), (2) bulldog calves (usually letlial), 

(3) dwarfism (not showmg until calf was 12 montlis of age), 

(4) congenital cataract, (5) flexed pastern, (6) a form of spasm, 
(7) cross eyed condition, (8) female sterility, (9) malformation 
of hoofs, with toes wide apart, and (10) short legs However, 
about tliree fourths of the bulls used produced daughters that 
increased the production over tlie cows with which they were 
mated This increase may have been in part due to improved 
environmental conditions 

A breeder must keep m mind that inbreeding concentrates 
the undesirable characters m the same manner and as rapidly 
as it does the desirable characters Since most animals have 
some weakness that should not be concentrated, it is usually 
unwise for the ordinary breeder to practice inbreeding It 
should be practiced only by tlie most experienced and skillful 
breeders 

Line Breeding Line breeding is the breedmg of animals more 
or less closely related, but not so closely as in inbreeding Line 
breedmg is a popular method and is a moderate form of in 
breeding, possessmg its advantages and disadvantages to a lesser 
degree It promotes uniformity m the characteristics but brings 
in more hereditary influence from unrelated animals, hence, 
homozygosity is not reached so quickly as with mbreedmg But, 
although desirable characteristics are not developed so quickly, 
neither do the harmful ones appear so readily Line breedmg 
IS a slower metliod than inbreeding for the fixation of hereditary 
quahties but one which most breeders prefer as it decreases the 
dangers associated with mbreedmg Usually, line breedmg is 
used to concentrate the inheritance of an outstandmg cow or bull 
An animal is descnbed as bemg line bred to a certain ancestor 
Outcrossing Outcrossing is the system of matmg m which 
animals of different strains, or blood hnes, are mated It is qmte 
evident that tlie animals resultmg from such a matmg will be 
heterozygous for every single factor in which the two strains 
differ completely If, however, the same general type has been 
fixed in two unrelated families, there is no reason why the cross 
mg of these ^vo famihes should result m offspring having a great 
\ ariation in type Of course, where famihes of distinctly different 
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types are mated, a \anation m type in the offspring is to be 

"If sire A IS homozygous for dominant factors determining ^gb 
production and his heterozygous daughters are bred back to > 
half of his mbred offspnngwiU be homozygous and half belerozy 
gous What will result if As daughters are mated to sire ti 
who is also homozygous for dominant factors detenmrung ^ 
producing capacity but is not related to sire A^ If sire B h^ ® 
same combmation of factors that enable him to sire high pr 
mg daughters as has sire A there is no reason why the r 
should not be the same as when sire A’s daughters are mat 
back to him ” * 

Although it IS not known definitely that the same combina on 
of factors enables each of them to get the same desirable results, 
yet the indications from many studies are that the factors con 
trolling high producmg capacity are alike m most prepoten 
sires of the same breed The ad\antage of inbreeding * 
breeding m the fixation of desirable hereditary qualities, such ^ 
milk production, is that the characters of the sires or dams 
nitely known to be great breeders can be concentrated- 
cestors that rmght be poor are elunmated to the extent or 
duplication. In outcrossmg, the hereditary’ quahbes of more 
animals must be known than m inbreeding, but if t\\ o anim 
are known to ha%e the combination of factors for high produc- 
tion, good results may be expected from outcrossmg If, 
e\er, the hereditary quakties of the animals are not known, 
may be unwise to use method 

Outcrossmg tends to brmg m characters for high production 
and for types that are not present m the original stock- Su 
breeding is less likely to produce distinctly undesirable animal 
as IS other methods Usually, howe\er, the type will not be 
uniform The United States Department of Agnculture 
Division 1 found that a slightly higher production was obtained 
from outcrossed daughters than from line bred daughters under 
the conditions of their experiment This is shown m the iol 
lowing. 


• Proc WorLTi Dairy Congreu 2 13SL 
1 Ann Rept Dairy Dicwjon (1951) 
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5G outbred daughters 

produced 20,93o pounds milk J 75 per cent 785 pounds fat 

56 line bred daughters 

produced 19,999 pounds milk 3 65 per cent 711 pounds fat 

The difference was 1,6J6 pounds milk 0 10 per cent 74 pounds fat 

m favor of the outbred daughters (records art 3X*^65 day ME) 

Crossbreeding. Crossbreeding is the mating of purebred ani- 
mals belonging to two different breeds In the past it has been 
practiced intermittently by many dairymen, who followed the 
metliod of changing the breed of the sire used on a grade dairy 
herd Many uninformed dairymen believed that it would be pos- 
sible to combine the good qualities of one breed with the good 
qualities of another, especially tliat of high milk production and 
high butterfat percentage They beheved that a cross of a 
Holstein with a Jersey was likely to result m the Ingh milk pro- 
duction of Uie Holstein and the high butterfat of the Jersey 
Rarely were their hopes realized More often they got an animal 
ivith milk production and a fat test in between that of the 
parents, and little or no gam was made 
In 1911, Bowlker, of Massachusetts, mated Guernseys and Hol- 
stems, reciprocally, in order to get the milk produebon of the Hol- 
stein and the butterfat test of the Guernsey This herd was later 
(1919) turned over to the University of Illinois, but the result 
111 terms of F C M (4 per cent) was that the production of the 
crossbred heifers was approximately midway between those of 
tlie parental breeds This was also true of butterfat percentage, 
size, and conformahon 

The most extensive experiment to date in crossing dairy 
breeds is being made by the Bureau of Dairy Industry at its 
BeltsviUe Station This was started m 1939 and involves the use 
of Jerseys, Guernseys, Holstems, and Red Danes Although not 
all the conditions of an ideal experiment were met in this experi- 
ment, there were indicabons that crossbreeding may result in 
increased produebon There appears to be an mdicabon of 
some heterosis (hybrid vigor) effect Of course, this must be 
studied further before a definite statement can be made If, 
however, as a result of further study, heterosis is found to result 
from crossbreeding, crossbreeding may become a progressive and 
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1 aluable s> stem of breeding The artificial breeding associati^ 
uotild lend Ihemsehes to its use m a way that would base been 
imiKJSsible with natural breeding. t r ii 

The results * of the study at BeltsviUe are given in the follow 
ing table 

TUJLE LXH 


Pbodcctios of Foundation sso Crossbbed Cows, Bcbeau of Daib 



ISDCbTUr 

(3X-3C5 Day Records) 
\veraae Pounds 

Per Cent 

pounds 

Cows 

\ge 

Milk 

Fat 

Fat 

Founclalioa 

3 y*r 4 mo 

10,138 

4 36 

442 

.jSj 

cro&sbreds 

iyr 3mo 

13,000 

4 oO 

Increase of crossbred 
over foundation 

81 3 and 4 breed cons 

3 JT 1 mo 

3,8C8 

13,396 

0 14 

4 45 

143 

092 

Increase of 3 — 4 breed 
over 3 breed 


390 

-0 Oj 

7 


After they had been tested for production, many of the tw(^ 
breed and three breed cows were put out with farmers an 
handled under ordinary farm conditions, and they showed coo 
tinued high production and persistency 

It would seem unwise, even with these seemingly favorable re- 
sults, for a dairy-cattle breeder to attempt to change his breediog 
operations to the use of crossbreediog until more is known about 
the future of such a system It would seem likely that greater 
improvement would result by intelligent breeding for tttic ^ 
production withm one of the present highly developed breeds 
One tyx>e of crossbreeding that gamed considerable favor 
m the United States, especially with the beef breeds, is the cross- 
ing of Zebu or Brahman cattle with native beef or dairy breeds- 
These cattle are resistant to tick borne disease and thrive better 
under hot weather conditions than Jo the cattle of European 
ongin and hence are becoming popular in the high temperature 
sections of the United States The Red Smdhi breed, a milk pro- 
ducing strain of Zebu, is giving promise of good results when 
crossed wiUi our native dairy breeds Many generations of 
• Bur Dairy Ind Reft <1^1) 
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breeding must be produced, however, before a new breed of 
animals that will combine and transmit all the qualities desired, 
together with high milk production, will be developed. 


NORMAL PERIOD OF GESTATION 

For many years tlie normal gestation period for the dairy cow 
has been put at 283 days. Many have noted variations from this 
average and have questioned whether the 283-day period was 
an accurate average. 

The Oliio Experiment Station * has studied the length of ges- 
tation of various breeds, based on the more complete and recent 
data available. It has been known that the Brown Swiss has a 
considerably longer gestation period than some of the other 
breeds, but it was not so well known that the Ayrshires, Holsteins, 
and Jerseys have a slightly shorter gestation period. The fol- 
lowing gives the gestation period by breeds, as found in this 
experiment. 



Days 

Ayrshire 

278 

Brown Swiss 

288 

Guernsey 

283 

Holstein-Friesian 

279 

Jersey 

278 


They also found that the gestation period of first calf heifers is 
about 2 days less than older cows of the respective breeds. The 
Ohio Experiment Station f found also that the male requires 
about 1 day longer than the female. Table I in the appendix 
gives a gestation table for the different breeds of dairy cattle. 
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The Importance of tlic Sire. The characteristics of the ani- 
mals in a herd of dairy cattle represent the inheritance that they 
have received from all their ancestors On the average, one-half 
the characteristics of the mdividual come from tlie male parent 
and his ancestors and the other half from tlie female parent 
and her ancestors Since m most herds only one bull is used, 
and he is mated with all the cows, one-half of all the inheritance 
of the heifers tliat are raised comes from the sire This has re- 
sulted m the well known and popular statements that the sire 
IS ‘half of the herd” Sues that are homozygous for certain 
characters are able to stamp theu characteristics for good or 
bad on all of theu offsprmg, thus appearing to transmit more 
than one-half of the inheritance If these characters are desir- 
able, the bull would be a good one to use, but if they are unde- 
sirable, he would be a poor bull to use 

Smce the sue supplies one half the inheritance of each animal 
born, the greatest opportunity for improvement of a herd lies 
in the introduction of desuable characters through the sire A 
good cow has but small influence upon the herd, smce the number 
of offspring which she can produce is limited as compared to the 
number of offsprmg of a bull The necessity of selecting a good 
sire to head the herd is therefore evident With natural breeding 
a bull may be bred to from thuty to fifty cows per year, and in 
artificial breedmg the semen from one bull can be used to breed 
several tliousand animals per year 

Methods of Selcctmg the Sire. Selection of the sire is one of 
the most important tasks that the dauyman has to perform The 
bull that IS chosen today will determine to a large extent the 
361 
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Vind of cows that will be in the milking herd 3 or 4 years hence 
and for se\eral years thereafter 

The sire should be a purebred of the breed selected Pure 
breds should have tlie factors for milk production concentrated 
to a much higher degree than grades or scrubs, smee they have 
been bred with that factor in mind for a great number of 
That the sire is a purebred is perhaps all that need be considere 
in low producing grade or scrub herds where the grading up h^ 
just begun, but in high producing grade herds and in purebred 
herds, much more must be looked for m the sire than the mere 
fact that he is a purebred He must be one that will increase, 
or at least maintain the production of the present herd 

Several methods are used by dairymen in selecting a sue 
These methods are either used alone or in combmation They 
are (1) selecting by type or general appearance, (2) selectog 
by the production of the daughters (proved sues), and (3) 
selecting by pedigree 

Selecitnc by Type and Genehal Appeara-sce. Many sues 
are selected simply on their type This method can be used to 
advantage m the beef breeds, since they show by their conforma 
tion the quahties for beef production, the object for which they 
have been bred The dairy sue, however bred for uulk. produc- 
tion does not show his milk producing quahties He may show 
to a certam extent some of the body characteristics that he will 
transmit to his daughters Some genetic correlation, esbmatea 
to be about 0 18,* exists between production and type ^Vheo 
a person is selecting for production and production records are 
not available type conformation is of some value 

Breeders who are essentially mterested m type conformation 
should select on the basis of type If they are interested m both 
type and production they should use both type and production 
records and attempt to use them according to theu economic 
value as determmed by the objectives of the breeder Breeders 
mterested pnmanly in the production of milk should not place 
too much emphasis on type ratmgs Improvement m production 
by selectmg by type is only about one-sixth as rapid as that ob 
tamed by selectmg by production f 
• / Dairy Sc*. 35 199 
1 / Dairy Sci 35 199 
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Some important characteristics, moreover, that contribute to 
the type and value of dairy cows are not revealed in tlie con- 
formation of tlie bull Such things as the mammary system, per- 
sistency of production, lengtli of life, breeding efficiency, or even 
milk and butterfat yield cannot be seen by outward appearance 
A person may be disappointed when purchasing a bull by tins 
method Although a small positive relationship obtains between 
type and pioduction, it would not be wise for one to expect to 
make great improvement in production of his herd by selectmg 
for type alone nor should great improvement m type be expected 
when selecting for production alone Both must be given con- 
sideration m improving a herd 

Selecting by Production of Daughters (Using Proved Sires) 
A proved sire is one with five or more unselected daughters 
whose production and/or type can be compared with that of their 
dams This definition of a proved sire may vary somewhat with 
different breed associations but on the whole they differ but 
little, one from tlie other, except in the number of daughters re 
quired A proved sue, according to this definition, is not neces 
sarily a good sire His daughters may have better production 
than tiieir dams, or they may have poorer production than their 
dams, or they may show little difference in production from their 
dams 

Tlie production proof of a bull is usually tabulated m a man 
ner which shows the number of his daughters that are compared 
to their dams, the average milk and butterfat production of the 
daughters and of the dams, as follows 

11 daughters axerage G40 milk 597 fat 

11 dams average 14,470 milk oS8 fat 

Difference 4*1,170 milk 4*69 fat 

In this proof the average of daughters exceeds the average of the 
dams in both milk and fat produchon 

Sire Indexes In order to have the breeding worth of a sire 
put in terms of pounds of milk and butterfat, workers m the field 
of dairy cattle breeding have developed sire indexes, which are 
supposed to be an amount that xviU express the transmitting abil- 
ity of a sire Several indexes liave been developed, three of these 
are more commonly used than the others 
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1. TIic Equal Parent Index. This index is calculated on the 
basis that the daughters’ production is halfway between t a o 
the sire (if he could express it) and the dam The formula tor 
the equal parent index is E P Index = Daughters 
+ (Daughters' records — Dams' records) By using t ^ 
production figures in the above bull proof, we ha\e the 
milk as follows E P Index = 15,6-10 + (15,640 — 14,4/ ) 
16,810 The index for butterfat production may be calcubtea m 
like manner The Holstem Fncsian Association previous y ns 
this index . t 

2 The Regression Index In a study of records, Rice , 
that when a group of cows rises above or falls below the ree 
average, their daughters will nse or fall above or helow t e 
breed average only about one lialf as far as their dams 
appears to be a tendency to regress toward the breed average 
The regression index is calculated by averaging the equal paren 
index and the breed average The formula is 

E P Index + Breed average 

Regression index 

z 

By assummg a breed average of 11,550 pounds of milk and 410 
pounds of butterfat and using the equal parent index above, vve 
have the index for milk as follows 

Regression index = = h.180 

Similarly, the index for butterfat may be calculated The Ayr 
shire Breeders Association is using this index , 

3 The Daughters’ Average Index This mdex is calculate Y 
simply averaging the production of all the daughters of a sue^ 
This index does not take into consideration the production o 
the dams of the daughters It does often allow for a greater 
number of daughters to be uiduded This mdex will show ]us 
about what can be expected of future daughters of the bull om 
similar dams This average is used by the American Jersey 
Cattle Club for their Tested Sire program 

Factors to Consider in Selecting a Proved Sire. Several farfor 
must be considered when exammmg the proof of a sire 
important that all conditions be standardized as much as po^ 
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sible if comparisons between dams and daughters are to be 
made Some considerations m the selection of a proved sire are 
the following 

1. Standardization of Records. It is necessary when compar- 
ing records of one cow with those of another tliat the records 
be standardized to a uniform basis, including the age of animals, 
length of records, the number of times milked per day, etc Un- 
less the records are standardized there is little basis for com- 
parison Usually, the records are standardized to a mature 
equivalent of a 305 day lactation, made on twice a day milking 
(ME 305 d 2X record) 

Mature Equivalent A cow is considered mature when she is 
from 5 to 7 years of age, depending on the breed Records be 
gun by cows at ages younger or older than this are increased by 
certain percentages These percentages are known as age- 
conversion factors These vary some by breeds, because some 
of the breeds mature more slowly than others The age conver- 
sion factors in Table LXIII have been developed from the 
records of the cows m Dairy Herd Improvement Associations 
The breed associations have slightly different factors, which are 
given in Chapter 27 

Times Milked per Day When cows are milked more than 
twice daily, the records are reduced to a twice a day basis by 
using certam factors The Jersey Club uses tlie factors 0 833 
and 0 741, and the Holstein Fnesian Association the factors 
0 80 and 0 66 to reduce records to twice a day milking from those 
made on 3 times and 4 times milking, respectively The Dairy 
Herd Improvement Associafaon reductions are based on tlie 3 
times per day records, being 20 per cent greater and the 4 times 
per day records bemg 35 per cent greater than the twice per day 
milkings 

365 Day Record to 305 Day Record The Jersey Club con 
siders a 305 day record 87 per cent of a 365 day, whereas the 
Holstein Friesian Association uses 90 per cent of the 365 day 
production 

Mthough these equalized records take out many of the in 
equalities between records, the corrections are not as accurate 
for individual cows as for a group of cows Many factors and 
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Age at 
Fresh- 

TABLE LXm 

\GE-C^WEasiON Factors 
(Bureau of Dairy Industry, USD A.) 

BroKTiSnt&s, Vjrslure, 

Milking Guernsey, 

Mixed 

ening 

Sbortbom 

Jersey 

Hobtein 

1-0 

I 718 

1 343 

1 515 

1 429 

1-9 

1 028 

1 301 

1 440 

1 373 

2-0 

1 538 

1 202 

1 377 

1 319 

2-3 

1 4G9 

1 228 

1 326 

1 271 

2-0 

1 400 

1 195 

1 275 

1 232 

2-9 

1 343 

1 108 

1 239 

1 202 

S-0 

1 280 

1 141 

1 203 

1 172 

3-3 

I 241 

1 120 

1 107 

1 142 

3-0 

1 too 

1 099 

1 131 

1 115 

3-9 

1 ICO 

1 081 

1 104 

1 091 

4-0 

I 130 

1 0C3 

1 077 

1 079 

4-3 

1 112 

1 049 

1 OoO 

1 0a2 

4-0 

1 038 

I 037 

1 035 

1 030 

4-9 

1 070 

1 028 

I 020 

1 027 

3—0 

1 032 

1 020 

1 017 

1 018 

3-3 

1 010 

1 014 

1 on 

1 012 

3-0 

1 023 

1 008 

1 000 

1 000 

5-9 

1 019 

I 003 

1 003 

1 DOS 

0-0 

1 012 

1 000 

1 000 

1 000 

7-0 

1 fXM) 

1 000 

1 DOG 

1 000 

8-0 

I 000 

1 012 

1 018 

1 013 

9-0 

1 000 

1 024 

1 0.>4 

1 039 

10-0 

1 030 

I 047 

1 090 

1 OCS 

11-0 

1 072 

1 <»2 

1 138 

1 110 

12-0 

1 114 

1 112 

1 192 

1 loi 

13-0 

1 144 

1 130 

1 252 

1 194 

14-0 

1 1C8 

1 ICO 

1 300 

1 233 

15-0 

1 180 

1 184 

1 348 

1 200 

10-0 

1 192 

1 199 

1 378 

1 288 


inOucnces are dilBcult to coixect, jet they have a beanng on the 
Size of the records 

Other Influences on Size of Records Factors sometimes call 
management or cnwronmental have an influence on the size o i 
record and should be taken into consideration when comparing 
the production of different animals Some of these factors have 
been listed by ileizer and Bay ley * and mclude (1) length o 
•J DaiT/ Set, 33 370 (1950), 33 540 (1952) 
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last dry penod, (2) condition of dry cow or springing heifer, (3) 
number of days carrying calf while making record, (4) pounds 
of TDN fed per 1000 pounds of body weight, (5) nutritive 
ratio of ration, (6) the amount of selection practiced, (7) the 
size of the herd, and (8) the mouth of freshening 
Although It is practically impossible to compute such factors 
into the proof data of a sire, yet it is important that they be 
given consideration It is kmown that a cow in well-managed 
herds may often produce as much as 100 pounds of butterfat or 
perhaps even more than the same cow would in an average 
herd This is merely the result of some of the above environ- 
mental or management condibons as found m different herds and 
practiced by different herdsmen 

Sires tliat are proved in a herd where the records of his 
daughters and their dams were made under unifonn conditions 
of feeding and management should show the true breedmg 
worth of the bull Of course, it may be difficult to evaluate the 
different environmental conditions but one should at least know 
whether the conditions were better or poorer than those on his 
own farm 

How feeding and management may affect the bulks proof is 
shown m the following survey of one bull used in four different 
herds from which four different equal parent indexes were cal- 
culated These were as follows 321, 362, 373, and 481 pounds 
of butterfat, and there was an explanation for each which had 
notlimg to do with the theory of * mckmg " 

Herd 1 Equal parent tndex, 329 pounds of butterfat The 
daughters averaged 385 pounds of butterfat and their dams aver- 
aged 441 pounds of butterfat The history of this herd showed 
that when the dams were being tested the management was 
quite good, but before the heifers were tested the herdsman 
had left and the management and feeding practices were not so 
good as formerly, resulting in lower production of the daughters 
and the low equal parent index 

Herd 2 Equal parent index, 362 pounds of butterfat The 
daughters averaged 351 pounds of butterfat and their dams aver- 
aged 340 pounds In this herd aU the heifers were tested and 
the conditions were about the same when the dams and then- 
daughters were tested 
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Herd 3 Equal parent index, 373 pounds of butterfat The 
daughters averaged 386 pounds of butterfat and their dams a\er 
aged 399 pounds The conditions were a little better than those 
of Herd 2 and all the heifers were tested and the conditions 
were about the same for both dams and daughters 

Herd 4 Equal parent index, 481 pounds of butterfat 3ne 
daughters averaged 444 pounds of butterfat and their dams 
pounds This herd had excellent conditions both when e 
daughters and their dams were tested However, only the prom 
ismg heifers were put on test The others were remove 
tlie herd for various reasons before testmg was begun ^ 
resulted in a selected group of heifers being compared to e 
average run of dams 

It is difficult to secure this type of mformation on man 
farms but it illustrates the fact that the feeding and managemen 
of the daughters and dams should be kept as uniform as possi 
and that all the daughters must be tested if a true companso 
of records is to be made This study did mdicate that the theon 
of nicking IS not alone responsible for the varying results o ^ 
tamed from the use of any particular proved sire used m mor 
than one herd j ff r 

2 Number of Daughters to Prove a Sire Authonties i 
considerably in their opinion as to the number of daugher 
needed to prove a sire Since the value of any proved sue c 
pends upon his actual proof and his age, both tliese , 
should be considered If extreme accuracy m his proof is msis 
upon, some of the bulls usable lifetime will be sacrificed 
study was made at the West Virgmia Stahon,® m which Ayw 
sires were grouped according to number of tested daugn e 
There were one hundred and fifty four sires witli fifteen or more 
daughters, one hundred and forty-one with sixteen or 
one hundred and thirty two with seventeen or more, one hun r 
and twentj four with ci^tccn or more, one hundred and ou^ 
teen with nmctccn or more, and one hundred and three 
twenty or more These daughters were divided into groups 
Uie first five and the next ten daughters, the first six ^ 
next ten. up to the first ten and the next ten, and their pr 
tion studied 
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The results indicated that the first five unselected daughters 
were about as reliable as larger numbers in estimating what the 
next ten daughteis will produce. The small amount of increased 
accuracy gained by waiting for more daughters was unwarranted, 
since the full use of the sire would usually be delayed while 
waiting for more records. 

3. Use Only Unselected Records. In the proving of a bull 
only unselected records should be used. As soon as the matter 
of selected records enters the picture, the value of production 
information and the possibility of measuring transmitting ability 
are severely curtailed and the results biased. As far as breeding 
programs are concerned, production testing is of value only in 
indicating the ability of any particular animal to transmit to his 
or her offspring the capacity to produce milk and butterfat. 
Every record of a cow should be used in analyzing her produc- 
tion. Selected information, such as the highest record for each 
animal, should not be used, because it is the record made dur- 
ing which the individual had the most favorable environment 
and consequently will be misleading. If, for example, a cow is 
7 or 8 years old and only one record is cited, this might indicate 
that tills record is selected. Her other records should be obtained 
before it is of much value in estimating her true worth. 

*1. Compare the Total Number of Daughters of Producing Age 
witli the Number of Tested Daughters. In appraising the proof 
of a sire one should find out how many of his daughters of pro- 
ducing age ha\e been registered and compare this list with his 
tested daughters. If there is a large difference in these figures, 
one should make sure that there is a logical e.\planation why some 
of the animals were not tested. Otherwise, the conclusion would 
be drawn that tliere may have been some selection and that only 
the belter daughters had been tested. A person should insist on 
all the records on all the animals old enough to bo tested. 

5. Unifonn Production of Daughters Is Not Necessary. In 
selection of prosed sires, it has been thought that the sire whose 
daughters* records are unifonn was desirable. If one bull’s 
first ten daughters range »n production from 375 to 125 pounds 
of butterfat and another hull's first ten daughters range from 200 
to G30 pounds of butterfat, the first is referred to as being rcla- 
tucly hoinoz>gous (!us d.\ugblers arc unifonn) and the second 



370 The Selection of a Sire 

bull as being heterozygous (daughters are not uniform) f*^ 
duction Some breeders have believed the homozygous u 
more desirable because of liis ability to transmit production t 
can be counted on within certain narrow limits and because t ere 
would be less chance of his siring a low producmg daug er 
Studies ® f have shown that no close associabon exists etween 
the variability of the first ten daughters and that of the secon 
ten In other words, the sire whose daughters pro uc on 
ranged from 373 to 425 might, with his second ten daughter , 
show a considerably greater range, whereas the sire whose rs 
daughters bad a wide range might have a narrow range in is 
second ten daughters It would seem that, on the average, 
searching out and counting on a bull that is supposed to sire 
daughters with rather uniform production may lead to isap* 
pointment Under the present methods of breeding it seems un 
hkcly that there arc bulls homozygous for high butterfat 
tion Only when extreme inbreeding has occurred would suc^ 
animals be expected to appear The apparent homozygosity o^ 
some bulls today is mainly caused by chance and may not e 
permanent charactcnstic of the sue 

0. Type of the Daughter. The daughters of the prove sit® 
should also have good type if the bull is to be of the 
value Udders that may be scnously pendulous and 
ma> be badly sickled or cow hocked can become real pro cm 
in breeding herds of dairy cattle if these characteristics are con 
centrated through the use of several sires carrying these rai 
Since nearly every herd has some fault, care should be ta c 
when seleeting a sire tliat this weakness will not be accentuate 
but will be corrected The type of the first few daughters w 
usuall> indicate the type of tlie next daugliters 

7. Health of Uic Bull. In selecting a proved bull it is impoftii*^ 
that he* be checked thoroughly for disease and bre*e*ding efficienO^ 
The cxamuiation should be made by a competent v etennarian ai 
the bull should be declared free of tuberculosis, brucellosis, 
tnehoinomasis In addition, his bree*ding record should 
good 

• U \a Out aao (1019) 
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8. Sire Must Be Better tiian Present Herd. If a proved sire 
IS to benefit a herd, his daughters must produce more tlian the 
average of tlie herd A proved sire may be a good one to use m 
one herd and entirely unsatisfactory m anotlier Too much sig- 
nificance should not be put on the plus or mmus value of the 
herd sire, i e , whether he raised or lowered the production of 
tlie daughters in comparison with the dams to which he was 
bred m the herd m which he was used The important thing to 
consider is not alone whether he was plus or mmus but also the 
production level of the dams to which he was bred For ex- 
ample, a bull in one herd might show a plus 25 pounds of but- 
terfat increase when bred to 300 pound dams, and m anotlier 
herd a bull might show a minus 25 pounds of butterfat when 
bred to 425 pound dams In this particular instance tlie minus 
bull would seem to be the better of the two sires 

Disadvantages of Proved Sires Although the use of a well 
proved sire is the surest means of permanent herd improvement, 
a dairyman should not purchase an old sire Nvithout considering 
conditions upon which his successful use depends Often, it is 
better to get service from artificial breeding associations than to 
attempt to purchase a proved bull Some matters to consider 
in using a proved sire are the following 

1 The herd should be of a size to justify tlie expenditure of a 
sum of money large enougli to buy a good proved sire Such 
sires are scarce, and often sell for high prices 

2 The farm should be well equipped to handle old bulls 
Strong fences, safety pens, and breeding chutes are necessary 

3 Old bulls should be provided with roomy exercising lots 
where they can move around and be in the sun as much as pos- 
sible 

4 Many old bulls are slow breeders as compared to young 
bulls They may be sure breeders but may not give service 
every time it is needed Under such circumstances it is some- 
times necessary to use a young bull for emergency use 

Methods of Securing Proved Siiu^ It is not always possible 
for a breeder to secure a proved bull of the type and production 
that IS desired Many bulls arc kept in the herd onl> .i few 
vears and before their proof has been ascertained the> have been 
sliughlercd Many bulls arc proved every >ear througli the 
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dairy herd improvement associations and the herd improvement 
registry of the breed associations Artificial breedmg associa 
tions have stimulated the demand for such sires It is necess^ 
to try out young sires or there will be no proved sires availa e 
Several methods of developing proved sires with the desmed 
type and production of offspring are now bemg used by bree ers 
and artificial breeders’ cooperatives 

1 Leasing a young bull to a breeder u,ho is testing ^ 
breeder who wishes to know what the bull will do before e 
uses him in his own herd, it is often advisable to lease the u 
to another dairyman who, for the service, agrees to test the u s 
daughters as they freshen Dairymen are often willing to use 
such bulls, since they are m this way, able to secure the service 
of a well bred hull without the outlay of any capital The 
of the bull should insist that the bull be well fed and develop 
If the bull proves satisfactory he can be returned for use by t e 
owner , 

2 By breeding a sample and then putting aside Some of ® 
dairymen with large herds and some of the artificial 
associations sample a young bull by breeding a few ammals 
him and then puttmg him aside until his daughters come m o 
milk The bull can either be kept m the herd or, still better, 
leased to another breeder If he is leased, the dairyman " o 
leases him need not be testing but he should be a good fc 
and develop the bull to the fullest extent When hiS daughl^ 
come into milk, the desuability of using him further can then o 
determined 

3 By exchanging bulls with other breeders This 
formerly used rather extensively by the breeders of small her 
and the exchange was often made through a cooperative 
association Many of the bull associations were the forerunners 
of the artificial breeding associations and will no doubt be com 
pletely absorbed by them m a few years . 

Selecting a Heud Stbe by Pedigree. Most of the sires use ^ 
head the herds in this country are selected by pedigree or > ® 
combination of pedigree and type This is the only , 

available for most breeders smce there are not sufficient 
sires in the country to supply all the breeders It is behev J 
some that if a pedigree of a bull is sufficiently complete m every 
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detail much of the guesswork can be taken out of selecting by 
pedigree, in fact, this metliod might be as successful as by select- 
ing a proved sire However, it is unusual to find a pedigree 
that gives all the information necessary 

Some of the factors that should be given consideration in se 
lectmg a bull by his pedigree are as follows 

1 His sire should be well proved, as discussed earher in this 
chapter 

2 The dam of the young bull should have good unselected 
records The average of these records should exceed the herd 
average by an appreciable amount All the dams records 
should be considered A study ’ based on varying numbers of 
records on cows showed tliat when one selected record of a cow 
was considered, she ould transmit only about 10 per cent of her 
indicated superiority over the herd average One unselected 
record resulted m the transmitbng of 25 per cent of her superior 
ity, whereas with five unselected records as a measure, 50 per 
cent of her superiority over the herd average was transmitted 

3 The offspring of the dam are important The records of 
the daughters of a dam have been considered more important 
than the dam’s own record in estimating her breeding worth 
Studies * based on thousands of records show that it takes three 
daughters with unselected records to give information as reli 
able as any one unselected record of the dam in predicting her 
breeding value This emphasizes the importance of having rec 
ords on the daughters as well as on the dam herself A proved 
son of the cow probably would count as much as a daughter in 
predicting her breeding value 

4 Do not go too far back m the pedigree or pay attention to 
unimportant detail A dairyman may, when selecting young 
bulls to head their herds put excessive emphasis on ancestors 
too far back in the pedigree The sire, the dam, the sisters, the 
half sisters, and the grandparents should be given consideration 

5 Good cow families are important In selecting a sire to 
head the herd it is always wise to select him from a good cow 
family Of course, many of the things already discussed go to 
make up a good cow family some of which are 
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dairy herd improvement associahons and the herd improvement 
registry of the breed associations Artificial breeding associa 
tions have stimulated the demand for such sires It is necessaty 
to try out young sires or there will be no proved sires availa e 
Several methods of developing proved sires with the desned 
type and production of offspnng are now being used by bree ers 
and artificial breeders cooperatives 

1 Leasing a young hull to a breeder who ts testing ^ 
breeder who wishes to know what the bull will do before e 
uses him in his own herd, it is often advisable to lease the u 
to another dairyman who, for the service, agrees to test the b s 
daughters as they freshen Dairymen are often willing to use 
such bulls since they are m this way, able to secure the service 
of a well bred bull without the outlay of any capital The 
of the bull should msist that the bull be well fed and 
If the bull proves satisfactory he can be returned for use by ® 
owner , 

2 By breeding a sample and then putting aside Some of ® 
daily men with large herds and some of the artificial 
associations sample a young bull by breeding a few animals 
him and then puttmg him aside until his daughters come m o 
milk The bull can either be kept m the herd or, still better, 
leased to another breeder If he is leased, the dairyman ^ o 
leases him need not be testing but he should be a good fe 
and develop the bull to the fullest extent When his daught^ 
come into milk, the desirabihty of using him further can then 
determined 

3 By exchanging bulls with other breeders This method 
formerly used rather extensively by the breeders of small 
and the exchange was often made through a cooperative u 
association Many of the bull associations were the forerunn 
of the artificial breeding associations and will no doubt be com 
pletely absorbed by them in a few years , 

Selecting a Herd Sme by Pedicbee Most of the sires use 
head the herds m this country are selected by pedigree or y ® 
combination of pedigree and type This is the only , 

available for most breeders smce there are not sufficient 
sires m the country to supply all the breeders It is believ e 
some tliat if a pedigree of a bull is sufficiently complete in every 
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detail much of the guesswork can be taken out of selecting by 
pedigree, in fact, this method might be as successful as by select- 
ing a proved sire However, it is unusual to find a pedigree 
that gives all the mformation necessary 

Some of tlie factors that should be given consideration m se 
lectmg a bull by his pedigree are as follows 

1 His sure should be well proved, as discussed earlier m this 
chapter 

2 The dam of the young bull should have good unselected 
records The average of these records should exceed the herd 
average by an appreciable amount All the dams’ records 
should be considered A study * based on varymg numbers of 
records on cows showed that when one selected record of a cow 
was considered, she would transmit only about 10 per cent of her 
indicated superiority over the herd average One unselected 
record resulted in the transmitting of 25 per cent of her superior 
ity, whereas with five unselected records as a measure, 50 per 
cent of her superiority over tlie herd average was transmitted 

3 The offspring of the dam are important The records of 
the daughters of a dam have been considered more important 
than the dam’s own record in estimating her breeding worth 
Studies * based on thousands of records show that it takes three 
daughters with unselected records to give information as reli- 
able as any one unselected record of the dam in predicting her 
breedmg value This emphasizes the importance of having rec 
ords on the daughters as well as on the dam herself A proved 
son of the cow probably would count as much as a daughter m 
predicting her breedmg value 

4 Do not go too far back m the pedigree or pay attention to 
unimportant detail A dairyman may, when selecting young 
bulls to head their herds, put excessive emphasis on ancestors 
too far back in the pedigree The sire, the dam, the sisters, the 
half sisters, and the grandparents should be given consideration 

5 Good cow families are important In selecting a sire to 
head the herd it is always wise to select him from a good cow 
family Of course, many of tlie things already discussed go to 
make up a good cow family some of which are 

® W Vfl Agr Exp Sfa Bui 339 
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(a) High uearltj production Ob\iousl>, higli produrtioo is 
one of the essentials of a good famil) Tlie production of m^* 
bers of such a family should average considerably higher 

die average of the other cows in the herd, and this production 
should be continued from one generation to another 

(b) Regular breeders The cjows m a good cow faiml> v'Jl 
regular breeders An animal that produces 400 pounds of lat i 
a 305-day lactation and drops a calf within the year is usu 

a profitable animal , 

(c) ilcmtancc to disease Tlic members of certain laroi 
also seem to be more resistant to disease than arc others om 

of this may be due to udders For example, the Nita family lO 

West Virginia Univcrsitv herd, which was a fairly large ^ 

of high producers, had udders that were well held “P j 

body, and not one of this famdy was removed from ^ 
because of mastitis However, the Anna family, another 
producing family, but with large, pendulous tyiie udders, a 
five of Its ten members removed because of mastitis 

(d) Long life Longevity is a good characteristic to have 
a cow family From a profit point of view, it pays to have a 
produce over a long period of time It is generally estima ^ 
that a cow in her first two lactations merely pays for the cos o 
raising her to produemg age Only in her third lactation an 
thereafter docs she begin to render a profit Tlie presence o sev 
eral old cows from one farmly is a good mdication of the desira 
bihty of that group , 

(c) Persistency A cow that produces at least a modera e> 
good flow of milh up to the bme of drying off is known as a 
persistent cow Contrariwise, a cow may be an extremely heav 
milker for the first few months of her lactation and then ° 
early She lacks persistency There is a strong indication 
this character is an mhented one, and a cow family with P^*’ 
sistency should be selected .. 

6 The type of the animals m the pedigree When a bu ^ 
selected to bead a herd, it is important to know the type o 
sire and his sire’s daughters as well as the type of his dam an 
of her daughters The prospective herd sire should have a 
and a dam that do not, themselves, show any major physi 
weakness, and they should also mdicate throu^ their sons an 
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daugliters that they do not transmit any physical deficiencies 
The future sire himself should have satisfactory type and be 
well del eloped Experimental results have shown that the hent- 
abihly of classification ratings for type is only about 0 3, in otlier 
words, an offspring inherits about one tliird of the observed 
superiority of the parents type For example, if a herd average 
IS 82 5 points and the average type rating of the parent'f is 87 5 



Fic 38 Ten daughters of Blondes Famous Lad S68886 This group m 
eludes one excellent six very good and tiuree good plus cows one is a ton 
of gold cow This bull s se\ enteen daughters averaged 8122 pounds of milk 
and 463 pounds of fat (2 x 305 ME ), and nineteen classified daughters 
averaged 84 08 on type score {V P I ) 

points, then the offspring of tliese parents can be expected to 
average about 84 points, 82 5 + 03 (87 5 — 82 5) 

There is also a small relationship bet^veen type classification 
ratings and production Within herds the study of tliousands of 
Ayrshire records showed that on the average there was an in- 
crease of 13 pounds of butterfat for each increase of one grade 
in tile type scale Dairymen cannot expect to make any sabs 
factory increase m production m tlieir herds by selecbng on the 
basis of type alone, on the other hand, when selechon is made 
for production alone, little progress will be made m improving 
the type of the herd Consideration of both type and produc 
bon IS necessary if tlie herd is to be improved m these character- 
istics The following IS an example of a good pedigree of a 
>oung bull calf 
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A GOOD I’EDIGIlPtB 


110I.I, Cna- rr-i.»lmr.l ApproM-l 


All llccords 305 Dajs 2X M.E. 

Cocapon Limly Clli, Apji., Very 
Good 

80 ilaiis. a%c. 8781 4,12%. 

388 F. . 

80 dams axe. 9007 M.. * /C’ 

372 F. 

Erpial Patent Index 8501 JL. 

4.71%, 101 F. 

A\c. cla.s.sification sc-ore ol i' 
classifietl daus. 83.1. 

CacajHin Jewel by Lclo 
Excellent 

10 daus. a%c. 8000 4dl2%. 

387 F. 

10 dams a\c. 8233 M.. 4 03%. 

331 F. 

lix{ual Parent Index 0027 M., 

First 7 classified daus. a\e. 85-1. 

9 rces. axe. 10,558 3.79, c. 

400 F. , , ^ 

Lifclmic producliOT 

100.103 .M., 3 81%, 3810 '■ 

1 dau. with 2 rccs. axe. 

M.. 448 F. Daughter cUssi- 
ficii Very Good. 


Cacapon Leto I8tli 

Cacapon Lily by Lclo I8lh, Very 
G(^ 

33 daus. are. 8300 M.. 

352 F. , .cc/ 

23 dams ase. 7281 M . 

Eijud *i‘areat Index 0«9 H- 
4.18%. 30a F. 

Cacapon N.la by Caesar, Exee^ 

4 recs. a>e. 12,509 M., 581 F 

1 dau. mth 4 recs a\c. 3500 M . 
433 F Daughter classified 
Very Good. 

9849 M., 4,17%, 411 P. Son 
classified Very Good. 

7 recs. a\e 12,033 M . 

Aelual Idetime P«'“‘ y 
12aH20 M.. 4 
a daus base 11 if*' 
11.178 M.. 500 1. 

eIassi6cat.on score ol da" 
85 0. 
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OTHER FACTORS IN SELECTING A SIRE 

Age of Sire. On the basis of only tlie age factor, a young sire 
IS preferable to an old one He is easier to handle and is often 
a surer breeder Often, when a sire becomes unruly he is sold 
to the butcher Some breeders seem to think that an aged sire is 
more prepotent than a young one, but the science of genetics 
shows that nothing is added to or taken from the germ cells 
with advanced age Therefore, unless an aged sire has daughters 
m milk that are proving to be good producers, or daughters that 
will soon be tested, there is no advantage in usmg him In 
fact, if a sire is to be purchased upon his type and pedigree, a 
young one should be chosen, because, as a rule, young sires are 
surer breeders and have a longer period of usefulness ahead of 
them They are usually less trouble to handle than aged sires 

Age of tlie Dam of tlie Sire. Many people object to a sire 
that IS the first calf of a heifer, because they believe that he will 
not be prepotent There is no reason, however, why the first 
calf of a heifer should not be just as prepotent as the calf of a 
mature cow The only objection to such a selection is that the 
heifer has not had the opportunity to show what she inherits in 
the way of milk production It is often unwise to select such 
an animal for that reason In selecting a sire that is the calf 
of an older cow, an opportunity is usually available to ascertain 
the producing ability of the dam 

REFERENCES FOR FURTHER STUDY 

1 Copeland, Pedigree Analysis as a Basis of Selecbng Bull Cal\ es, J Dairy 
Sci, 17 93 (1934) 

2 Lusli The Bull Index Prohlcm in the Light of Modern Genetics, / Dairy 
Set, 10 501 (1933) 

3 Gifford and LlUng, The Effect of Age of Sire md Dam on tlie Average 
Butlcrfat Production of Offspring in Dairy Cattle, J Dairy Set, lljl 
(1928) 

I Bureau of Dairy Industry, D U I A Kews Letters, 27, 3, 5, 0 and 8 
(1931) 

5 Bayley and Hcirtr, An Index for Uic Effects of Environmental Infln- 
dices on Dairy Cattle Production, J Dairy Set, 33 540 (1952) 

0 Rice and Andrews, Utccding and Improvement of Fartn Animals 1931 
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9 Lush and Lae> Tlic Ages of Breeding Cattle and the Possibility of Using 
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The best method of startmg a herd depends upon such factors 
as the capital available, the experience of the man starting tlie 
business, and the market for the product In general, the man 
who has had little experience in the handhng of dairy animals or 
who has a limited amount of capital should start with the ani- 
mals he has at hand or can readily secure, and, by means of a 
purebred sire, breed up his herd, but the man who has had dairy 
experience and has some capital, or the man who has capital but 
no animals with which to start, may buy sufficient high grade or 
purebred cattle to make up a herd 

Before a person starts into the dairy business he should decide, 
first, what breed to begin with, and, second, whether to start 
with purebreds or grades, or a combination of the two 

Breed to Choose. There are five major dairy breeds in the 
United States, all of which have proven satisfactory m various 
parts of the country The main dairy breeds are the Ayrshire, 
Brown Swiss, Guernsey, Holstem-Fnesian, and Jersey There 
are also several minor breeds, and several dual-purpose breeds 
from which to choose 

Ayrshuie The native home of the Ayrshire is in Scotland 
They are red and white or brown and white m color and have 
long, up curving horns The Ayrshire breed is strong and vig- 
orous and an especially good forager, doing well on pastures 
where other breeds would suffer from lack of feed The average 
mature cow will weigh from 1100 to 12,00 pounds, and the bull 
from 1500 to 2000 pounds The calves are hardy and weigh 
about 75 pounds at buth The Ayrshire has the best udder of 
tlie dairy breeds, it is well attached forivard and back with no 
tendency to be pendulous The quarters are even, and the teats 
medium in size and well placed The Ayrshire makes good beef, 
379 
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since the dry cows fatten readily The cows seem to lack persist 
cncy 111 milk production as compared to Ollier breeds 

Ayrshire milk contains about d per cent ^ 

cows m herd improvement registry in 1950 averaged ^ , t 
of milk, testing 4 07 per cent and containing 389 
hulterfat They are found in largest numbers in Uie norUieas , 
but some are found m practically all the slates 

Drown Swiss The original home of the Brown Swiss 
was in Swit/crlaiid, only a few have been imported to the 
Slates and none since 1900 They are brown m color, varying 
from a silver to a dark brown The nose and long^ arc blac , 
with a light colored hand around tlie muzzle The i^n^ 
strong and vigorous A mature cow should “"' j, 

pounds to 1500 pounds and the bull from 1600 to -100 p 
The calves are largo and strong, weighing about 93 poun 
birth The Brown Swiss arc sturdy m appearance, "‘“i " . 
developed brisket and dewlap and the body well covere v 

Under herd improvement lest the Brown Swiss breed had a 
average on all records made m 1950 of 9915 pounds ^ 

402 pounds of butterfat, w>lh a test of 4 0 per cent Tlie 
Swiss are found in nearly all of the states but in greatest num 
in the upper midwest and northeastern states 

Guernsey Tlie Guernsey breed originated on Cue 
Island, one of the Channel Islands, near the coast of 
In color, the Guernsey is fawn with white markings clear y ^ 
fined A bnndle color or a smoky or black muzzle is not 
The average Guernsey cow will weigh about 1100 pimn 
a mature bull about 1700 pounds Calves weigh about 
at birth and are more difficult to raise than some of t e o 
breeds , . 

The milk of the Guernsey is high in butterfat (average ® ° ^ 
4 9 per cent) and cames a deep yellow color The 
angular and her flesh is yellow in color and is not ® 
with favor as beef The breed under herd improvement tes i 

1950 averaged 8142 pounds of milk and 396 pounds of ut e^^ 
fat with an average test of 4 8 per cent They are found mo^^ 
in the north central, northeastern, and Atlantic Coast states, 
though some are found m all the states 
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Holstein-Friesian The Holstem-Fnesian breed of dairy cows 
ongmated in the northern part of tire Netherlands, especially in 
the province of Friesland and tlie neighboring provinces of 
northern Germany They are black and white in color, witli the 
markings clearly defined The mature cow should weigh from 
1400 to 1600 pounds and a mature bull should weigh not less 
than 2000 pounds Calves average about 90 pounds at burth and 
are strong and vigorous 

The Holstein Friesian gives moie milk than any of the otlier 
breeds and the milk is lower in butterfat than the otlier breeds 
In the herd unprovement registry in 1950 the average production 
for the breed was 11,616 pounds of milk and 418 pounds of 
butterfat, with an average test of 3 6 per cent They are found 
111 greater numbers in the northcentral and northeastern states, 
although some are found m all the states 
w i Jebsci The Jersey breed originated on the Island of Jersey, 
one of the group of Channel Islands located between England 
and France They are fawn m color, witli or without white mark- 
ings They are the smallest of the ina)OT breeds, the mature 
cow weighing from 900 to 1000 pounds and the mature bull from 
1500 to 1600 pounds The calves average from 50 to 60 pounds 
at birth The breed matures earlier than the other breeds and 
often are sufficiently mature to calve the first time at 24 months 
of age Because of their size and the yellow color of their meat 
they are not looked on with favor for beef 

The Jersey breed produces less milk but has a higher test 
than any of the other breeds Under herd improvement tests 
Jerseys in 1950 averaged 7249 pounds of milk and 387 pounds of 
butterfat, with an average test of 5 36 per cent This breed is 
found in all parts of the country and is strong in the South, 
where they seem to stand the heat better than some of the other 
breeds 

Several minor breeds are found in small numbers in the United 
States These include the Bed Dane, the Dutch Belted, and tlie 
Devon There are also several dual purpose breeds, the pnnci- 
pal ones being the Milking Shorthorn and the Red Polled 

Considerations m Selecting a Breed In selecting a breed 
several factors are to be considered, namely, (1) the form m 
which the product is to be marketed, (2) the breed of cattle 
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most common m the community, (3) XhV. 

breed as to producUon, imual cost, "^fed io 

longevity, and economy, (4) the a^ptabihty o 
weather and pasture conditions and topograp y 

(5) the preference of the breeder Tf»Tif.<1auv 

The Form in wiiiai Product is to be Marketib 
man is selling his milk on the wholesale market, e 
ably be ahead if he had a breed which gas e a large 
milk unless the market would pay enough more to ^ ^ 
milk to justify the extra cost of its produ^on be 

desired, the Holstem, the Brown Swiss, or the 
given consideration on account of their large an 
milk production In areas where butterfat or cream is s 
where special pnees can be received for high testmg 
Channel Island breeds should be given ooi^iderabon ^ 
breeds will produce butterfat at a lower cost than wiU toe 
testing breeds However, other factors may e 

from the rmlk- For example, if cream is sold, the va ue 
skim milk must be considered It has a definite 
to calves, pigs, or chickens The market for the 
the most important factors m deciding on the breed to ^ 
The Breed of Cattle Most Coslmos in the Cosia ^ 
One of the first considerations for a beginner to keep m 
starting a herd is the breed that is common m the r 

It IS difficult for an isolated, small breeder to dispose 
surplus stock to advantage If, however, several of his nei 
have the same breed, buyers from other locahties mav 
tracted to these farms because of the better chance o 
the desired ammals from one or more of the different ^ 

Other advantages of breedmg together, are the possi ^ 
securing bulls together or of trading bulls bom 
other; of having sales of surplus stock, and especialb o 
men m the community with whom to talk and jias 

mdividually or m organized breed societies, the breed 
been chosen This is true not only with purebred bre 
with grade breeders as welL a 

The CiiARACTEiusncs or the Breed One should se 
breed that has the ability to produce well to breed 
to live long to produce strong and vigorous calves an 
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duce cheaply tlie product to be sold The breeds vary some- 
what m production, although when total fat production per cow 
IS considered there is not a great difference Some breeds seem 
to be better breeders than otliers and will stay m the herd for a 
longer period of bme Some are more persistent in milk pro- 
duction The calves of some are large and adapted for veal pro- 
duction, whereas others are small and unprofitable Some of the 
breeds make good beef when tliey are sold on the market, otliers 
are small and have low beef value, and some will cost more 
when purcliased to start a herd However, the beef value of tlie 
animal or the initial cost should not be given too much considera- 
tion, smce tins is a very minor part of tlie mcome and over a 
period of several years makes little difference The amount of 
milk produced and the economy of its production should be given 
first consideration 

The Adaptation of the Breed The adaptation of the breed 
to the farm on winch the herd is being started should be given 
consideration Certain breeds, notably the Jersey, are adapted 
to warmer climates than are some of die other breeds When 
die farm is hilly and the pasture radier poor, die Ayrshire and 
Brown Swiss are said to be best adapted, whereas the Holstein is 
adapted to level land where the pasture is lush The larger 
breeds as a rule will consume more rough feed than will die 
smaller breeds All these qualities should be considered when 
selectmg a breed 

Personal Preference The individual preference of the man 
who IS about to start a herd should seldom be the deciding 
factor m the selection of the breed, smce a natural stockman 
will soon learn to like the breed that he has to work with, 
especially if diat breed makes him more money than would an- 
other breed If, however, a man has considered all the factors 
that have been outlmed and still is undecided, he should then 
take the breed of his choice Personal preference must not 
overshadow tlie matter of the quality of different breeds and 
their adaptabihty to a particular farm 

In summing up the question of which breed to choose, it 
should always be kept in mind tliat good cows and poor cows 
are found in every breed and the dairyman who selects good 
individuals of any breed and gives them good feed and care, and 
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handles his milk properly will have a good chance of success, 
regardless of which breed he selects 

Grades or Purebrcds Only about 5 per cent of the dairy cat- 
tle in the United States arc purebreds This means that e 
majonty of dairymen are content Nvilh grades and that ^ 
large part of the milk produced comes from grade herds 
of the grade herds ha\ e been bred up for many generations y 
the use of purebred sires, so that they are now, to all intents an 
purposes, nearly as good as most purebreds One generation 
with a purebred bull makes the cattle half purebred, t\%o gen 
erations, three fourths purebred, three generations, se\en-ei^t 
purebred, and four generations, fifteen sixteenths purebr 
Such animals will look like and may be }ust as products e as 
purebreds, but they cannot be registered as such Considerabon 
IS being given a supplementary registration of grades 

When a dairy farmer becomes especially interested he mav 
prefer purebreds to grades Although, as has been shov^* t ® 
grade herd in time could be developed so that it would be JbS 
as profitable as a purebred, as far as milk production 
cemed, it is usually desirable for a breeder who is interested in 
purebred cattle to purchase a few good purebred animals an 

replace the grades with purebreds as the calves develop Gra es 

receive most of Ihcir good qualities from their pure blood 
Whether one should select purebreds when starting a her 
depends largely upon the breeder himself Will be be "i ing 
to test the cows in his herd to elimmate disease, to spend ® 
time necessary to register his animals and to transfer * ^ 


that he sells, and to do the many other things necessary 


when 


purebreds are kept If he dislikes or will not attend to 
details, he Iiad better breed a grade herd But if he is 
to attend to all the details of feeding and management neccssa^ 
to bnng out the full capacity of his herd, he will usually not 
satisfied except with a purebred herd 

A Standard of Production Before starting a herd, one sbou 
establish in his owm mind a tentative standard of production- 
This u necessary, regardless of tlie breed or whether the he 
IS grade or purebred Tins amount must be at or al>o'C the 
lowest limits profitable under the conditions in the communit' 
To illustrate it might be that under prevailing pnets in t ^ 
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community, a mature dairy cow, in order to return a profit, would 
have to produce 7500 pounds of milk or 300 pounds of butterfat 
m a year In purchasing a herd, those cows that will not pro- 
duce this amount should not be considered Younger cows are 
not expected to produce quite so much as the mature ones, but 
a first calf heifer that will not produce more than 70 per cent 
of standard should not be purchased One should also have 
standards for type, for freedom from disease, and for other 
characteristics 

Breeding a Dairy Herd The disadvantage of breeding a herd 
from a common herd is that the process requires several years 
However, m a locality where dairying has not been well devel- 
oped, it is seldom wise for a beginner to take up the breeding 
of purebred or even high-grade dairy animals until he has had 
some experience in handling a dairy herd It would probably 
be wise to take the common cows that are already on his farm, 
and, by the use of purebred sires, breed up the herd to a profit- 
able level The dairyman should feed his herd a good ration, 
milk them properly, weigh the milk from each cow, and raise the 
calves only from the best cows In tins way he should be able, 
with the use of a good sire or with artificial breeding, to develop 
m several generations a herd of high producing cows By the 
time that he has developed such a herd, he will have become 
famihar with dairy methods and can feed and care for his ani- 
mals properly He will also have time to develop a satisfactory 
market for his product 

Several experiments have shown what can be expected from 
the use of a good purebred bull on common cows The Iowa 
Experiment Station purchased and mated scrub cows to pure- 
bred bulls The second generation animals produced, on the 
average, 8403 pounds of milk and 358 pounds of butterfat, 
which was an increase of 4742 pounds of milk and 186 pounds 
of butterfat over that of their scrub grandams These second- 
generation animals were produang almost as much as the aver- 
age of their breed and their color markings and conformation 
were very similar to the breed, the blood of which they earned 

Buying a Herd One of the advantages of buymg a herd in- 
stead of breeding one is that it is not necessary to wait a num- 
ber of years before beginning to make some profit If a man 



To.. U.e dauy bus».s 

C^ a.tL .a wa a 

hera arouna them as soon as possib m 

The a^aavantages ot buyang a (3) it m 

siaerable capital. (2) it entails aanger of ai^ase. 
aaScult to purchase gooa gooa am 

CAPrral. HEQCimm If a man ssuh« may 

mals, he must pay a gooa price or ourchasea at arouna 

be graaes It is true that many .msss c^ ^ 

beef pnces. hut these are mosdy breedmg. 

has not found profitahle, or, on a^unt of ecus 

or for other reasons, unsbes to get o"* “'j? high m 

tot will mahe a profit m a dairymans berf me i^) 
prme and difficult to purchase, -“ no brewer m 

best animals Some ^^ealtby men %vho are able to p ^ ^ 

“rb^ralX~ S rbetr annuals are 

°1n°i^bhug a herd by buying three 

s>YTipricnce« and otber conditions Tyi^h 

Tuti>g Covss. The surest and qmckest^vay to 
producmg herd is to purchase cows wa* 3 t to 

This method, of course, requues cous.derable naP‘“ ^ 
start. Ordmardy.howeser it will prose more economy 

buymg untested animals at a considerably lower P ^ 
trouble with selectmg cows by their coitfcnmbon 
condibons under which the selection is made ar 
umfonn Some cows are dry and malung up for fr h^S 
perhaps base just freshened and are gis-mg a ^ 

null- These loci them best and are usually m deman 
equally as good and often much better P'°^““f'’ “T ,he'por 
cause of heasy milli production, and are oserloolert > e 
chaser It « difficult for an>one but an expenencea 
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adjust for the stage of lactation and the condition of tlie animal, 
and even the best of judges are sometimes fooled Many cows 
are purchased by this metliod, however, since production tested 
cows are few in number and usually sell for a much higher 
price than do tliose without records Good, healthy cows pur- 
chased from high producing herds from an honest breeder will 
usually prove to be profitable 

In the purchase of milking animals, careful attention should 
be given to the age of the animals Cows, on the average, 
remain in the milking herd for only 4 to 5 years Usually, a 
cow will reach her maximum production when she is from 5 to 
6 years of age and will contmue at about the same level until 
she IS 9 or 10 years old, after which she will gradually drop off 
in production Young cows have more years of usefulness left 
and are more valuable to tlie purchaser Cows more than 7 or 8 
years old will usually not have many more years of productive 
life, since Uie average cow leaves the herd when she is 7 years 
of age 

BuyuoG Heifers One of the most popular methods of starting 
a herd is the purchase of bred heifers A person who owns or 
has access to a good bull sometimes prefers to purchase open 
heifers, but the bred heifer seems to be more popular for the 
beginner In buying heifers, considerable attention should be 
given to the kind of cows in the herd This will give an indi- 
cation of the type of cows and especially the kind of udders to 
expect Whereas, on the average, the type of the heifei is a 
fairly good indication of how she will look when mature, there is 
no way to tell exactly how the udder will develop Sometimes 
the size and general conformation of a heifer is satisfactory, but 
when she freshens her udder is quite undesirable It may be 
small, poorly attached, quartered, or pendulous The purchaser 
should see that the dams of the heifers have good udders 
BiniNG Calves The way to start a herd with the least capital 
outlay IS to purchase calves In many dairy sections, especially 
m the market milk areas, high grade calves can be purchased 
at a fairly low price Purebred calves can also sometimes be 
secured at a nominal figure The cost of raising calves is highest 
in the early montlis when they are fed considerable milk If tlie 
buyer has feed for such calves, he may be able to buy them and 
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differ widely herd is continued 

It IS fortunate when an already established h 
from father to son More young men with 4 H to 

honal agriculture training and college graduates are 
their home farm than previously ^onciflerations 

TUB Disease PaoBeesr One of ■ 7 °'*“"' ;ch 

m purchasing a herd is the danger of disease tis 

duLes as tuberculosis brucellosis, mchomoniasis 
Even with the development of effechve tests for 
and brucellosis, care must be tahen and cattle ^ 
cLed only from herds accredited free bom these due^es 
Even then the animals should be tested at the im 
chase and if they are to be moved m with other cow 
visable to isolate them for a period of 30 to 60 days 
them retested before being placed m the herd 
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The breeding ot dairy cattle by artificial “ 

widely practiced method of breeding. In some herds 
are bred by this means to sires in the herd, and some 
sites in one herd ate used to breed cows in 
greatest use of artificial breeding, however, is m the o g 
artificial breeding associatjons. During the year Iw , 
of 3p09,573 cows * were bred through these organizatjons 
United States. More than 4 million cows were 
artificial breeding associations in 1952. This method o 
dairy cattle has been expanding rapidly and promise to 
of the best methods of improving the dairy herds in this co 


HISTORICAL 

The earliest use t of aitificial insemination of animaL h 
been reported was in 13^ when an Arab chief art’ cia y 
seminated a mare. In 1782 an Italian used the tec 
cessfully with dogs. Workers in Denmark and Russia 1 
investigating the possibilities of the practice shortly be 
The Russians were the pioneers in its use with cattle. ^ 
decade 1930 to 1940 they made rapid advances in using 
technique with horses, cattle, and sheep. 

The first cooperative artificial-breeding association ^ 

ganized in Denmark in 1938. Perry J studied the me o 
organizational setup used in Denmark and in 193S vvas 

• DJi.. Din A Letter, 2S:3 < 1952) 

} U,S.D.A. Circ 5ff7 ( 1940). 

t Artificial Imcmination of Farm Ammali, Terry, 195— 

S90 
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mental in organizing the Cooperative Artificial Breeding Asso- 
ciation in New Jersey. Although tliis was the first organization 
for artificial breeding in this country, the method had already 
been practiced in several herds and research work was getting 
under way at several agricultural experiment stations. 

ARTIFICIAL BREEDING 

Artificial breeding is the process of breeding a female to a 
male without the incidence of natural mating. The semen is 
collected from the male by artificial means. The female is 
inseminated by placing a portion of tlie semen, either as collected 
or diluted, into the cervix or uterus by mechanical methods. 
Artificial breeding has progressed faster with dairy cattle than 
widi any other class of livestock. 

Advantages of Artificial Breeding. The advantages of artifi- 
cial breeding are greatest when used through an organization; 
however, there are some advantages for it in its use from sires 
within a herd. There are also limitations to its use within a 
herd. Tire following are some advantages of artificial breeding. 

1. It makes available sires of proved inheritance for milk and 
butterfat production to all dairymen witliin the area served. 
Previously, only the better dairymen in a county had the use 
of good sires. 

2. The services of superior sires are greatly extended. A 
bull can be bred to fifty to sixty cows in a year by natural 
service, but through organized artificial breeding he may be used 
to breed several thousand cows per year. Also, artificial breed- 
ing within the herd increases the number of cows that can be 
bred to a bull. 

3. The dairyman does not need to keep a herd sire, whicli 
eliminates the danger that accompanies the handling of a bull. 

4. The dairyman does not have tlie problem of locating and- 
purchasing a new herd sire every 2 years to avoid inbreeding. 

5. The cost of breeding cows artificially through an associa- 
tion is less than the cost of purchasing and maintaining a bull 
of the same quality. This is especially true with tlie small 
breeder. 
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6 There is less danger of spreading reproducUse 

Artificial breeding is often practiced where bulls are kept in 
herd because of the possibihty of spreading certain diseases 
w ith natural services r 

7 There is less chance of using poor semen The seme 
tlie bulls used artificially is checked regularly and a number o 
bulls are used, thus decreasing the possibility of using ^ ^ ^ 
bulls regularly for a period of several weeks before disco\ennj, 

the difficulty Uo.fprs 

8 Large mature bulls often cannot be used on small n 

naturally . 

9 Some bulls, because of injury or other reasons, cann 

used naturally but may be used artificially » ► nns 

Limitations of Artificial Brccdmg There are some hmi 
to the use of artificial breeding such as the following ^ 

1 A w ell trained technician is necessary 
or one who is not careful may injure the cow and will us 


have low conception rates . ^ 

2 The equipment must be kept clean and stenhzed, an 
sanitation methods must be practiced or diseases may be spr 
from cow to cow or from one herd to another 

3 A dairyman cannot always breed certain cows to e 
that he prefers smee a bull is usually used only once 

4. A definite Imebreeduig program cannot usually be fo 

5 Fewer bulls are needed, consequently, the sale o 


from purebred herds is reduced heen 

Sensational Aspects Many sensational reports base 
made on the use of artificial breedmg For example, semen 
collected from a grand champion bull at the Pacific ^ 
tional Livestock Show and shipped by plane to the Worl s 
m New York, where it was used to inseminate cows ^ ^ 

fully On another occasion, semen collected from a 
Pennsylvania was flown to Australia, where cows were 
nated and some of them conceived There are also 
semen bemg taken from a bull immediately after his dea 
used successfully in impregnating cows 

These cases do prove that it is possible to mate anima 
are great distances apart, however, it is not usually pr^ 
to do so 
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Growtii in the United States 

Artificial breeding is now receiving much attention in the 
research fields. It is responsible for an increased interest in 
the physiology of reproduction of the cow and the bull 
The research now under way includes such things as nutrition 
of bulls, the methods of collecting semen, the diluting, preserv- 
ing and storage of semen, metliods of shipping semen, methods 
of mseminating tlie cow, the time of msemmating with respect 
to the heat period, factors affecting conception, and methods of 
selecting sires 

The organized breeding associations account for all but a 
limited amount of artificial breeding The first organization in 
this country, the New Jersey Association, formed m 1938, had 
102 members, who enrolled 1050 cows From this beginning the 
work grew, and in 1952 there were 94 bull studs ® m forty-three 
states and in Alaska and Puerto Rico furnishing semen to 1648 
inseminating units in all forty-eight states and the two terri- 
tories These units were made up of a total of 543,397 herds 
This service is reaching small herds, since herds with 15 cows f 
or more number only about 256,000 During 1950, more than 
10 per cent of the inilk-cow population were bred artificially. 
About 11 per cent of the cows bred artificially that year were 
registered, whereas only about 5 per cent of all milk cows in the 
country are registered 

The 94 bull studs m 1951 had a total of 2187 bulls, which was 
an average of 25 bulls per stud There were 1605 cows bred per 
bull in service 

The Bull Stud 

The great majority of the bull studs are owned cooperatively 
by dauy farmers Some are operated m cooperation with the 
agricultural college A few of the studs are privately owned 
Job of Bull Stud. The job of the bull stud is to produce, 
process, and ship regularly, viable bull semen 

The Bulls The majonty of the bulls should be proved sires 
It IS desu-able and wise also to keep a limited number of care- 
^USDA.DUIA Letter, 28 3 (1952) 

\USDA,DHtA Letter, 27t3 ( 1951) 
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fully selected young bulls Tliesc inay be used m the . 

breeding season when dairymen arc most concerned abou 
ting a lugh conception rate Young bulls often have a 
breeding efficiency than do old bulls It is a jing 

during the fall and early winter, which is the heavy bree 
season in most areas, to ship semen from both a proved e 
a young bull on the same day This allows a choice or 
dairymen . ^ 

Using young bulls to a limited extent, and then holding 
until they are proved, offers one of the very best means o 
replacements rt d m 

Provu) Sires Twenty nme per cent of the sires aver 
artificial breeding associations in 1952 were proved T e 
age production of the daughters of these proved sires 'vas 
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pounds of butterfat." Apparently, the breeding associations are 
successful in securing many of the better proved sires. 

Maintaining suitable bulls in sufficient numbers requires a con- 
tinuous search for bulls. , Copeland f reports, from a study of 
288 registered bulls, that they became infertile breeders at an 
.average age of 9 years and 6 months. Seven per cent remained 



Fig. 39. Bulls housed in an opea shed at Uie Virginia Cooperative Artificial 
Breeding Association Bull Stud. 


serviceable until more than 14 years of age. Since the majority 
of bulls are not proved until they are 7 years old or more, the 
life expectancy for fiurther usefulness is not great. 

Increasing the effective life span of a sire after he is proved is 
of great importance. Proving them at a younger age may be the 
most effective means. Breeding a young bull artificially to a 
number of cows would be die first step. Getting the heifer 
calves grown out well and bred at an acceptable early age would 
be the next step. The third and final one would be to test the 
daughters after calving and to assemble the records for proof as 

* U.S.D.A.. D.H.LA. Letter, 28:3 (1952). 

I Jersey Bui. p. 871 (1929). 
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early as they arc completed It should be “ 

program going that tv ill sample and prove ^ 

5 years old Preliminary proof may be obtained severa m 
earlier If the preliminary proof appears encouraging e 
can be placed back inlo service without delay, pending e 
mfonnation, for continued use 

Research on nutrition of young and old bulls, on e\e 
(forced and natural), on collection management, and other 
tors IS aiding in extending the service life span Further m 
imtion such as greater dilutions and freezing semen, wi 
doubt give greater extension of service or heavier service 
Numueh of Bulls The number of inseminating units an 
number of cows enrolled arc the determining factors m 
number of bulls needed A stud will usually maintain r 
4 to 10 or more bulls of each breed The number vanes 
many reasons Most studs ship semen 6 or 7 days . 

others ship 3 or 4 days per week Some keep a full conjp cm 
of proved bulls and ship additional semen from young 
Some bulls can be collected from more often than others 
bull studs do not use a bull oftener than once a week 


Inscmmating Associations or Units 

An inseminating association or unit is composed of a 
of dairymen located wilhm a limited area The purpose o 
group IS to have theu: cows bred artificially In practica 
cases it IS organized as a cooperative A few operate priv 
The organization receives semen from a bull stud A tec n 
(inseminator) is employed to do the breeding , ^ 

The extent of the area included should not be greater 
a 20 mile radius from the central location It is prefera 
include only one county unless they are small or where 
natural trading center serves more than one county , 

greater than this will involve too much travel from the s a 
point of time and economy .i-m 

Number of Cows A minimum of 1200 to 1300 cows wiu^^ 
this area is essential usually for economical operation 
zations that begin operation with less than this number may 
difficulty m their finances or will have to charge a higher ms 
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nating fee Few associations with part-time insemmators have 
proved successful 

In the United States, tliere were 1653 inseminating units in 
1951.® On the average, each bull stud serviced 17 5 units Each 
inseminating unit contained an average of about 2100 cows. 


The Artificial Breedmg Organizational Setup 

The orgamzational setup vanes greatly from one state or area 
to another A plan tliat is working successfully in several states 
will be discussed The over-all organization is the Artificial 
Breeding Association, which should be located where there is 
easy transportation to every part of the area covered This 
association is often statewide and is responsible for the com- 
plete operation of the bull stud Each inseminating unit is an 
affiliated member and furnishes a director to the governing board 
of the parent organization 

Each member of the local unit pays a membership fee This 
may be 5 or 10 dollars or some other amount that is agreed upon 
A portion of this fee remams with the local unit to provide the 
necessary equipment and tlie other portion is paid to the parent 
association This fee is paid only at the tune of becommg a 
member A breeding fee is charged at the time of service This 
fee IS usually from 5 to 7 dollars On the average, about 40 per 
cent of this is paid to the parent association and 60 per cent is 
retamed by the local unit to pay the inseminator and to take care 
of equipment and other costs 

The mam organization operates die bull stud on the money 
received from membership fees and its part of the insemmatmg 
fees The insemmatmg fee is charged at first service Two more 
services to the same cow are furnished without additional cost, 
if required to get the cow m calf, after which there is an addi- 
tional fee 

Collecting the Semen 

Three methods are used to collect semen The use of the 
artificial vagina is the accepted method of collection under most 

“USD.A, DIIIA Letter, 28 3 (1952) 
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conditions Tlie massage method and recovenng semen from 
the \agina of a cow recently bred are occasionally used 

Dairymen occasionally wish to check the quality of tlie semen 
of a bull that is used in natural ser\icc Any of the above meth 
ods may be used to secure the sample of semen for exammation 
Tlie normal ejaculate provides from 3 to 6 milliliters m volume 
The Artificial Vagma. The artificial vagina is composed of a 
hard rubber cylinder 12 to 16 mches long and 2 to 2^^ me les 
in diameter (a truck radiator hose is satisfactory) with a so t 
rubber liner placed inside and turned back over the ends to form 
a water jacket A rubber cone with a glass tube on the sma 
end is placed on one end of the cylinder Hot water is put mto 
the jacket to bnng the temperature of the inside of the vagma 
to about HQ'T A stcnlc lubncating jelly or white Vaselme is 
applied to the inside of the vagma for lubrication 
The bull IS then allowed to mount a cow, another bull, or a 
dummy cow As he mounts, the semen is collected m the artm 
cial vagina Collections can be made from most bulls by t is 
method a few, however, refuse to serve This method gives e 
best quality semen available It is clean and usually has a bigli 
concentration of sperm 

Massage Semen can be collected by massaging the accessory 
genital organs of the bull with the hand, by way of the rectum 
The semen is collected into a funnel and test tube from ® 
sheath This method does not give a very good quality of semen 
and it usually is contaminated This was one of the early means 
of secunng semen It is occasionally used on crippled bul o 
others that cannot or will not mount a cow for some reason 
Recovermg Semen from the Vagma The oldest and simp cs 
method is to obtam the semen from the vagina of a cow 
natural service A long tube attached to a syrmge can be us 
to withdraw some of the semen Semen secured in this way 
diluted and mixed with the secretions of the vaguu which lowers 
Its quality With this method there is a danger of transmitting 
disease from the cow to another cow bred with the semen 
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Examining, Processing, and Storing 

Tlie first step after collection is to examine the semen under 
a microscope The examination shows the motility and the 
number of dead or abnormal sperm, which give an indication 
of the quality of the semen It is not always possible, however, 
to determme the quality of the sperm by such examinations 
Processmg, If the semen is to be used within 30 minutes it is 
not necessary to cool or to add diluters to it When several cows 
are to be bred or if it is held longer than 30 minutes before 
using, a dduter should be added to the semen as soon as the 
exammation with the microscope has been made It should then 
be placed m a refrigerator to cool to 35 to 40®F 
Diluters or Extenders. The purpose of using a diluter is to 
prolong the life of tlie sperm and to extend the volume of semen 
The materials in the diluter control the pH of the mixture, pro- 
vide energy, and protect tlie sperm from shock under conditions 
of storage and use 

The diluter and semen should be about the same temperature, 
preferably about 80®F when mixed The amount of dilution to 
use depends upon the quality of the semen and the number of 
cows to be bred A dilution rate of 1 part of semen added to 
40 or 50 or even 100 parts of diluter is often used 

There are many kmds of diluters Commercial diluters are 
recommended where only a small quantity is occasionally needed 
The ingredients may be secured and the diluters prepared in the 
laboratory Changes are being made m the formulas for di- 
luters as improvements are discovered 

The two diluters that are most widely used are the phosphate- 
egg yolk dduter and the citrate egg yolk diluter Each of these 
has good preservative properties The citrate disperses the fat 
globules of the egg yolk so that tlie sperm can be seen more 
clearly upon microscopic exammation 

The phosphate diluter is made by adding 2 grams of sodium 
phosphate (Na 2 HP 04 I 2 H 2 O) and 0 2 gram of monopotassium 
phosphate ( KHoP 04 ) to 100 milliliters of boiling distilled water 
All reagents must be chemically pure 

The citrate diluter is made by dissolving 3 grams of sodium 
citrate (Na 2 CcH^O 2 H 2 O) in 100 milliliters of boiling distilled 
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uater (the water should be distilled iii glass) Tlic buffer, either 
phosphate or citrate, is used with fresh egg >olk in the 
tion of 70 per cent buffer and 30 per cent egg >olk o* 
skim milk lias been found to be a suitable diluter and is 
used bv some breeding centers It is heated to 203 F in glas 
for 10 minutes 

Antibacterial Agents Tlic addition * of 1000 units ot pen 
cillm or 1000 units of streptoin>cin per milliliter of the i n cr, 
or a combm'ilion of the two, maj improve the fertility of semen 
Based on 6 montlis nonreturns these antibiotics gave an in 
crease of from 19 to 20 per cent over the same semen and diluter 
without the antibiotic The increase in fertility is greater wi i 
semen from bulls of low fertility than with more highly c i 
bulls . 

Cooling The diluted semen, at room temperature or a 
should be placed in a refrigerator at once Slow , 

necessary to protect the spenn from cold shock Tubes o 
luted semen may be set m a small beaker of water of 
temperature and the beaker placed in a refrigerator at 
40®F This method will coo! the entire mass at the rale of a o 
1®F per minute if small beakers are used 
Shipping The semen is usually shipped m test tubes » 

m volume from 2 to 20 milliliters depending upon tlie num cr 
cows to be bred The tubes should be filled to exclude 
there will be less deterioration of the semen The tubes ^ 
wrapped in heavy paper and packed with a can of ice ^ 
insulated shipping case The temperature should be kept e 
gO’F dunng transit The size of the can of ice may vary 
pending on the outside temperature and the length of tune 
it will be jn transit This method of packaging wiU 
semen in good shape for a 24 hour shipment For long^ ^ore 
ments a greater amount of insulation must be used an 
precautions taken m the packaging of the semen 


Inscmmatmg the Cow 

The technique of inseminating the cow is the 
small volume of semen usually about 1 miUihter, m tn 
•J Dairy Sci 33 393 (1950) and 34 819 ( 19al ) 
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or in the folds of the cervLx of the cow. Two methods are in 
general use. 

1. Speculum Method. In this method a speculum is inserted 
into the vagina of the cow. A flashlight is used to throw light 
on ffie cervix. The semen is drawn into a long, thick-walled 
inseminating tube by the use of a small syringe. The inseminat- 
ing tube is inserted through the speculum and into the mouth 
of the cervix. By use of the syringe the semen is forced from 
the inseminating tube into the cervix. This method is used 
largely where the breeding is being done within the herd, but is 
not usually used in large-scale operation. The technique is 
simpler than the uterine method. 

2. Uterine Method. The uterine method is used most exten- 
sively by trained technicians. A rubber glove is used on one hand, 
which is inserted into the rectum. Tlie cervix is grasped with 
the hand through the rectal wall. The inseminating tube is 
inserted into the vagina and guided into the cervix. It can be 
placed entirely tlirough the cervix and into the body of the 
uterus. Usually, the technician deposits a portion of the semen 
in the folds of the cervix and the remainder into the body of the 
uterus. 

Workers at Illinois and New York Experiment Stations ® 
found no difierence in the breeding efficiency when the semen 
was placed in the folds of the cervix or in the body of the uterus. 
The speculum method (depositing the semen in the mouth of 
the cervix) was compared with the uterine method (placing the 
semen in the uterus), by workers at the Missouri Station.f 
The uterine method was 10 to 12 per cent more efficient when 
semen more than 12 hours old was used. 


Efficiency of Artiflcial Insemination 

The rate of conception with artificial insemination can be 
expected to be about the same as with natural breeding. There 
is nothing magic about it that will cure the ills of sterility or low 
fertility. A few bulls produce semen that will not stand up 
under storage and shipment, yet give good results with natural 

* ;. Dairy ScL, 34sl, p. 68 (1951). 

t Mo. Exp. Sta. Bui. 540 ( 1950). 
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111 artificial breeding a sterile bull or one with a ser> 


sersice in aninciai uieeuL.^ « - 

low grade semen may be found by ceaminilig the semen unde 

the microscope howeser, a dairyman would most likely use 

same bull at least 3 or 4 weeks before discos cring that he svas 

The elficiency of natural and artificial services was compared 
at Nebraska * The results are given in Table L\V 
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Measuring Breeding Efficiency 

Artificial breeding associations measure tlie breeding efficient 
of a bull on the basis of nonreturns If a cow is bred an ® 
owner does not call the mscminator back, to rebreed her s e w 
considered a nonreturn All nonreturns are not actually 'Vi 
calf The cow might have later been bred naturally she m»g 
have been sold or there miglu have been other reasons for no 
rebreeding her A satisfactory record is 70 per cent nonretuws 
up to 60 days or a 60 per cent nonreturn up to 90 days a e 
breeding This of course is higher than the actual pregnancies 
\Vlien an average of less than two services are required per 
actual conception the breeding record is satisfactory 


Relations with the Breed Registry Associations 

The mam purposes of the purebred registry associations 
they were first organized were to record the pedigrees or 
"Ncbr Res Bui 129 (1943) 
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animals registered in order to maintain the purity of the breed 
With the breeding of purebred cattle artificially, the Purebred 
Dairy Cattle Association set up certain requirements for the 
registration of calves dropped as a result of artificial breeding 
This action was taken since there was more opportunity for erroi 
in preparing tlie application for registry, especially m regard to 
the sire Also, tliere was more chance of falsifying the records 
The additional requirements are the same for all five breed- 
registry associations 

Withm tlie Herd. When a breeder or his agent collects semen 
from his own bull and inseminates lus own cows, no special forms 
are required 

Behveen Herds. When semen is taken from a bull in one herd 
and used to inseminate a cow in another herd, a special form is 
required The owner of tlie bull certifies to the collecting of the 
semen and the owner of the cow certifies (on the same certifi- 
cate) to the inseminating of the cow Tins certificate is attached 
to tlie apphcation for registry of the calf produced by the service 
From Association When tlie technician for an association 
breeds a cow he prepares a breeding receipt in triplicate and 
gives the owner of the cow the ongmal This certifies to the 
semen used, gives tlie date, and states that the cow was identified 
by the use of her registration papers This breeding receipt is 
attached to the application for registry of the calf 

Blood Type of Bulls The breed associations require that all 
bulls used in artificial breeding organizations or between herds 
must be blood typed and the record filed with the breed associa 
tion concerned Should a cow be bred more than once and 
semen from different bulls used, and the date of calving is 
midway between the dates due from two services, the blood type 
will be used to determine the sire The blood type of the calf 
and its dam will also be needed The blood type record may 
be used for other cases of questionable parentages 

Kccords The bull stud must keep a record of all semen col- 
lections and shipments Keports are sent to the breed associa- 
bon office 

Inspection A representahve of one of the breed associations 
inspects the bull stud each year He checks the records and 
the general accuracy and carefulness of the work 
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Certification A representative of the agricultural college m 
the state concerned must approve the bull stud The manager 
of the breeding association must approve the mseminator 

Other Records 

A breeding association needs to maintain a complete set of 
records that will show the rate of nonreturns for each bull and 
for each mseminator A copy of the mseminator s receipt gives 
the basic data for much research work 

REFERENCES FOR FURTHER STUDY 
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Sta Bui 540 (19o0) 

6 Hennan and Madden, The Arttficuil Imeminalton of Dairy Cattle Lucas 
Bros Columbia Mo J947 

7 Erb and Momson Artificial Breeding of Dairy Cattle Wash Ext Bid 
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Profitable milk production and the improvement of dairy 
cattle IS dependent upon normal reproduction Cows will pro- 
duce more milk and will produce it when it is most needed 
when they freshen at about a 12 month interval When cows 
fail to conceive at tlie first or second service, usually a loss in 
production results that may disrupt the plans for milk produc- 
tion, causing a lowering of the base and other inconveniences 
Any factor that lowers breeding efficiency will lessen tlie rate 
at which herd improvement can take place Many outstanding 
family Imes of livestock have become extinct because of im- 
paired reproductive ability Thousands of animals are lost 
from the herd, and many dollars worth of feedstuffs are wasted 
each year by animals whose value has been reduced due to re- 
productive failure The loss tlien is not only due to decreased 
milk production but also to the waste of much feed and the 
decrease m the value of valuable animals 
Sterility, which is the complete absence of reproductive ability, 
usually IS easy to recognuc, but lowered fertility, which is sub- 
normal breeding efficiency, is not so easily detected, and such 
animals sometimes cost the breeder more than do those that are 
completely sterile because they arc often kept in the herd in the 
hope that fertility will be restored Dairy cattle that are barren 
and dry for months are costly, in terms of space in the bam, 
feed, and labor 

Sterility and lowered fertility arc not a single problem They 
have many different causes, among which are specific infectious 
diseases, infections of the uterus, or structural abnormalities 
Low fertility may result from heredity, poor nutrition, poor man- 
agement methods, reduced viability of the male sperm cells, or 
failure to bleed the cow at the most favorable time 
405 
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Profitable milk production and the improvement of dairy 
cattle IS dependent upon normal reproduction Cows will pro- 
duce more milk and will produce it when it is most needed 
when they freshen at about a 12 month interval When cows 
fail to conceive at the first or second service, usually a loss in 
production results that may disrupt the plans for milk produc- 
tion, causing a lowering of the base and other inconveniences 
Any factor that lowers breeding efficiency will lessen the rate 
at which herd improvement can take place Many outstanding 
family lines of livestock have become extinct because of im- 
paired reproductive ability Thousands of animals are lost 
from the herd, and many dollars worth of feedstuffs are wasted 
each year by animals whose value has been reduced due to re- 
productive failure The loss then is not only due to decreased 
milk production but also to the waste of much feed and the 
decrease in the value of valuable animals 

Sterility, which is the complete absence of reproductive ability, 
usually is easy to recognize, but lowered fertility, which is sub- 
normal breeding efficiency, is not so easily detected, and such 
animals sometimes cost the breeder more than do those that are 
completely sterile because they are often kept m the herd m the 
hope that fertility will be restored Dairy cattle that are barren 
and dry for months are costly, in terms of space in the bam, 
feed, and labor 

Sterility and lowered fertility are not a single problem They 
have many different causes, among which are specific infectious 
diseases, mfections of the uterus, or structural abnormalities 
Low fertility may result from heredity, poor nutrition, poor man 
agement methods, reduced viabihty of the male sperm cells, or 
failure to breed the cow at tlie most favorable time 
405 



406 


Maintaining 


Breeding EiBcienc) 


\1EASU1UNG BREEDING EFFICIENCY 


“cllldronf Id ‘Lprmlly upon -"'““““"J'rifl a meas 

that under their condibons the "umber 1 63 to 

conccplioiis for fertile cons ranged ‘™"' “"^nfotal semces 
1 80 services per eow for various gnn-P^' „„ iiere 
to all cows were mcluded, an “''““S*' ° percentages 

reauircd A study at Minnesota (found the fo gP 

of conception for the firs, and 204 

second, 333 third, 31 3 fourth 2o 8 fi th, -6 I, ano ^ ^ 
Later services gave an even lower rale of “"“P ed, 

general rule, if less than 2 services per ^^^^es are 

the breeding record is satisfactory If more 
renuued, diere is probably some trouble v ith „g 

should call for the services of a vetcnnarian Cows 
more than three services arc problem cows ^ 

(b) The percentage of nonreturns is ‘'''= efficiency 

arufieial breeding associations to measure *e bree g 
of bulls A nonreturn is an animal tlut has been d^ 
which there is no request for another breeding » 

IS not an exact measure as the actual conception others 

than the nonreturns would indicate Some cows may . 
may be sold, sUll others may be bred naturally, ^ The 

returns are not an exact measure of breeding e counted 

length of tune after breeding that the nonreturns pgr 

will also affect the percentage An acceptable recow 
cent nOTuetums up to 60 days after breeding or 
nonreturns up to 90 days after breeding - , ^ 

(c) The length of the calvmg mterval would be as 

calved every 12 months This is seldom achieved m p 
usually some of the ammals will fail to p-o calvmg 

When a dairy herd averages less than 13 months be v 


• Vebr Res Bui 129 
^ Mmn £zp S(a Bui 258 
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TABLE LXVI 

Length ot Calmng iNTEmAL in Three Herds 

Length of C^ilving Interval 

Herd No of Cons Mouths Bajs 
A 29 12 27 

B 21 12 10 

C 45 13 0 

it IS considered a highly fertile herd Table LXVI gives the 
length of calving intervals in three herds that were attempting 
to ha\e their cows freshen at 12-month intervals 
Some herds average as long as 14 to 15 months beLveen calv- 
ing Long calving intervals are conducive to high lactation 
records, but lower average milk production per year In making 
advanced registry records, cows are often held open in order 
to get the higher lactation records This causes a long calving 
interval, which usually results in a longer dry period Thus, 
the dairyman who wants lugh milk production for his herd each 
>ear with a higher hfetime production will attempt to have his 
cows freshen as nearly as possible each 12 months It is not 
Wise to shoiteii the period much below 12 months A cow re- 
quires at least 2 months to come back to normal after freshening, 
so tliat she should not be bred until she has had a chance to re 
turn to normal condition 

(d) The percentage of cows that calve withm a year has been 
used to estimate the breeding efficiency of a held A fertile herd 
should produce a 90 per cent calf crop each year This will 
vary greatly 

(c) The number of days per year tliat a cow carries a calf has 
been used as a measure of reproductive efficiency If a cow car 
nes a calf 9 months of a year she is rated as having a reproduc- 
tive efficiency of 100 per cent 

Gilmore “ and others have developed the followmg formula 
for estimating the reproductive efficiency of dairy animals 

* L O Gilmore Dairy Cattle Breeding, J B Lippincott Co , Chicago, 

1952 
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No of calv tsborn 


RE = 12 X 


A^e of co\\ (mo ) 


- age at Brst breeding {mo ) + 3 
XlOO 


For example, a 5 >ear old eow (60 monfc) 

fully bred at 15 months of age and had dropped 4 ca 

S a 100 per cent repioduetne efficieney as shoevn m the fol 

lowing formula 


RE = 12 X 


GO - 1j + 3 


X 100 = 100 per cent 


If, however, she was 0 years old (72 months) the results would 
be as follows 

4 


R.E - 12 X : 


- X 100 » 80 per cent 


^ 72 - 1^ + 3 ' 

With such a system, the reproducUve “urto 

in the herd can be determined It is practically impossib 
get a herd with a reprodueUon efficiency of 100 per cent, 

SO it should be used only as a goal 


CAUSES OF LOW BREEDING EFFICIENCY 
AND FERTILITY 

The causes of low fertility are many and varied A few 

these will be discussed fertihty 

1 Inheritance That certain cow families inherit lo% 
and breedmg efficiency has been shown by several 
Louisiana Station * reported on some cow families tha v 
from 40 6 to 92 3 per cent in breeding efficiency with an 
of 63 3 per cent, basing their percentage on 1 service 
ception as 100 per cent The Nebraska Station t foun 
variations between famibes The families studied range 
54 to 87 per cent using the formula for measuring repro 
efficiency The West Virginia Station f m studying nm 

^La Exp Sta Bui 370 (1943) 

IJ Dairy Sd 28 6o9-069 (1945) 
tJ Dairy Set 34 9o-10i> (19ol) 
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families of Ayrshire cows, found that tliese families varied from 
77 to 89 per cent m reproductive efficiency These nineteen 
families varied also in the number of services per conception from 
1 6 to 3 1 There seems little doubt tliat reproduction efficiency 
IS an inherited character 

Certam families do not even reproduce sufficiently to main- 
tain themselves For example, m 1917, a herd of 121 females was 
given to an experiment station * At the end of 10 years, 62 8 
per cent of the original 121 families had become extinct, most 
of them producing no female progeny, but se\eral lasted until the 
fourth generation before finally disappearing Other families are 
extremely fertile and m a short time an entire herd may be de- 
scended from only one or two foundation animals Longevity 
has a marked effect on the number of descendants Longevity is, 
however, influenced by regular breeding, since nonbreeders and 
slow breeders are usually sold for slaughter at an early age and 
their ability to live to an old age is not ascertained 
Inbreeding of dairy animals may also cause a lowering of the 
reproduction efficiency Inbreeding itself does not cause lower 
reproductive efficiency, but it may be responsible for bringing 
together m a homozygous condition the genes which bring about 
lower reproductive efficiency This concentration of genes may 
not in itself affect breeding efficiency, but may bnng out some 
character, such as lack of thrift, which may have the same results 
as if it affected fertility directly Certain inherited characteristics 
also affect the reproduction of animals Among these are the 
following 

(a) Freemartxns A heifer bom co twin with a bull is sterile 
m more than 90 per cent of the cases, the heifer of such a birtli 
IS called a freemartm It is important that the breeder know as 
early as possible whether or not the heifer will breed, otherwise 
he may have the expense of raising an infertile animal A study 
of freemartms shows that this condition occurs only in females 
whose blood stream is jomed to that of a male ( or males ) and that 
the primary abnormality is found m these females m the repro 
ducUve tract and secondarily m the mammary gland These 
changes result in a more or developed male reproductive 
® Thesis for Master s Degree, W Va Umversity 1928 
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tract in an animal that started out genetically to be a female 
Some of these freemartins take on definite masculine character- 
istics, such as coarseness of the neck, a deep masculine voice, 
palpable testes, and even a rather well developed penis, whereas 
otliers retain their feminine appearance and even sometimes 
exhibit heat 

In order to tell whether it is a true freemartin at an early age, 
the herdsman should determine at the time of birth, whether the 
calves were bom in the same placenta If this is impossible to 
determine, the calf can be watched to sec if it makes normal 
udder development during the first 3 or 4 months The size o 
the vagina may also be a fairly definite indication of a freemartin 
If a test tube can be inserted into the vagina only 3 to 3^ inches, 
the animal is probably a freemartin, in a normal heifer the test 
tube can be inserted the full length The blood antigen tj'pe c^ 
also be used When the male and female have identical blood 
types,* the indication would be that the embr>onic circulation 
had been tlie same and that the heifer would not breed If jbe 
blood types are dissimilar, the heifer should be a normal breeder 
Twinning and multiple births in dauy cattle is an inherite 
character They occur in less than 2 per cent of calvings in dairy 
breeds and m only about 0 4 per cent m beef breeds 

(b) WatTE Heuth Disease. This is a form of sterility firs* 
observed in white Shorthorn heifers It is caused by the cie 
velopment of a membrane separating the vagma from the uterus, 
thus preventmg the sperm from enlermg the uterus Sometimes 
another structural abnormality may exist This is not a disease 
and sometimes can be corrected by surgery Apparently it is 
inherited 

(c) CRYPTOHaiiDiSM Occasionally, a bull calf in bom witn 
one or both of the testes retamed in the abdominal cavity 
both of the testes are retained the bull probably will be com 
pletely sterile If one testis descends into the scrotum it "di 
produce normal sperm but the one held withm the body cavity 
will not produce normal sperm because of the higher tempera 
hire within the body This defect is called cryptorchidism an 
IS mherited Such bulk, even though they are fertile, should not 
be used because of the inherited character 

* Science, 102 400 
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(d) Miscellaneous Inherited Defects There are many de- 
fects that occur with more or less frequent intervals that inter- 
fere witli the breeding efficiency Such things as lethal or sub- 
letlial factors may occur, but of course must come from both 
parents When they do occur tliey may cause death or arrested 
development in the developing embryo, the fetus, or the young 
animal Twenty-eight different lethal factors have been reported 
2. Infectious Diseases. Several infectious diseases cause 
breeding trouble These are brought about by microorganisms 
and are infectious. Most of these will be discussed in the 
lecture on diseases of dairy animals and will only be mentioned 
here 

(a) Brucellosis OR Banc^s Disease This is an infectious dis- 
ease that affects breeding animals and often causes premature 
birth or expulsion of a dead calf It is caused by the organism 
Brucella abortus An estimated 25 to 30 per cent of tlie animals 
that contract this disease become either temporarily or perma- 
nently sterile Effective means are available for combating it 

(b) Trichomoniasis This disease is caused by a single-celled 
protozoan known as Trichomonas fetus This organism lives in 
the sheath of the bull and the uterus of the cow It causes early 
abortions and is an important factor in the lowering of breeding 
efficiency of infected animals 

(c) Vibrio Fetus This organism. Vibrio fetus, is a comma- 
shaped bacterium which apparently interferes with the circula- 
tion of blood ui the placenta, often causmg abortions, usually m 
the middle tliird of pregnancy 

(d) Other Infectious Diseases Vaginitis, cervicitis, and 
metritis may affect breeding efficiency Metritis, which is an 
infection of the uterus itself, will keep the cow from becommg 
pregnant until the infection is cleared These diseases require 
speciahzed treatment under the direction of a vetermanan 

3. Functional Disturbances. When reproduction is not normal 
and the animal is not infected with a recognized infectious dis- 
ease or does not have a definite structural defect, the trouble is 
classified as a functional disturbance Some of these conditions 
are as follows 

(a) Retained Corpus Luteum A persistent yellow body, 
often referred to as a retamed corpus luteum, will prevent a cow 
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from coming into heat \Vlien a cow ovulates, a corpus luteum or 
% eUow body is formed where the egg as discharged It the cow 
IS bred and conceives, the corpus luteum remams m the ovary 
during pregnancy If the cow is not bred or is bred and does 
not conceiv e, the corpus luteum usually disappears w ithin - a> 
and the cow will come mlo heat Somebmes, for unknown 
reasons, the corpus luteum docs not disappear and so preven 
the cow from commg into heat It must be removed man^i) 
or with the use of hormones before the animal will again ' 
a normal estrus cycle . 

(b) Cystic Ovaries on Nymphomania In some cases a c> 
may develop on the ovary and cause short estius cycles 
longed estrum The animal usually will not conceive ^ ^ 

these abnormal heat penods These animals are often re err 
to as clironic bullers and the condihon is called m mphoma 
Some cows may develop a high tail head and the ^nin^ ma 
bellow and exhibit other masculine characteristics The cy 
may be removed manually or treated with certain 
a vetennanan but the cow usuallv will not breed unbl she 
passed one or two normal heat periods . 

(c) OniER Troubles. The enbre reproductiv e process is e 

pendent upon hormone secrebons Should there be a deficiency 
or an overabundance of one of these, a hormonal imbaance 
occurs that may mterfere with breeding efficiency Hormone 
therapy should be used only after a specialized exammahon m 
cates that its use would be of benefit . 

The diagnosis and treatment of any abnormal conditions as e 
scribed, should be made and earned out under the direction o a 
vetennanan < 

4 Nutntional Causes of Lowered Fertihty Under no ^ 
conditions, animals that are well fed and thnfty and recei' ® 
of their nutrients from good pasture and roughage should 
few breeding troubles caused by faulty nutnbon 
there are some condibons that should be avoided, such as 
following. 

(a) Pooh ■Nutrition Poor nutnbon may account for a lower 

ing m the breeding efficiency It has been noted that sometim ^ 
animals that fail to breed dunng the wmter months 
difficulty after they go on pasture m the spnng. Nutnbooa 
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ficiency should be suspected when tlie ration is obviously poor 
or unbalanced, when the animak are dull and listless, when die 
shin IS dry and scaly and the haur rough, and when digestive 
disturbances are common This condition may be due to a lack 
of carotene, the provitamin A, or perhaps to vitamin D, al- 
though this IS not probable if die animals are exposed to the sun- 
hght There is still some question whether the minerals play 
a large part in breeding efficiency The lack of three minerals, 
namely phosphorus, calcium, and manganese, are more fre- 
quently blamed for reproductive disorders than any others They 
are essential for growth and therefore should be added to the 
ration, m adequate amounts 

The level of feeding affects the age of sexual maturity Studies 
at the New York Station * showed lliat Holstein heifers fed 
normal rations came in heat for the first time at an average age 
of 113 months, heifers on a subnormal ration (63 per cent of 
Momson’s Standard) averaged 17 3 months of age, and tliose on 
a supernormal (140 per cent of Morrison's Standard) averaged 
9 4 months The heifers fed the normal ration required 1 22 
services per conception, those on subnormal, 1 56 services, and 
those on the high level, 1 33 services per conception 

(b) Excessive Condition Animals carrying excessive condi 
tioning usually are slow breeders Heavy fat deposited around 
the ovaries is tiiought to interfere with normal functioning of 
tl\e ovary Animals that are fitted and kept in high condition 
for long periods of timd for show or sales purposes are apt to 
have breeding trouble Judges now discriminate against over- 
conditioned dairy animals It is never wise to keep breedmg 
bulls too fat 

5 Management Factors m Breeding Efficiency. Some factors 
affecting breedmg efficiency are entirely tlie responsibihty of the 
herdsman and are not connected with any of the troubles already 
described Some of tliem cannot always be helped but it is well 
to know about them and be prepared for the results 

(a) Holding cows open too long may sometimes be a factor 
which causes low conception rates Tins may be thought neces- 
sary in order to make a large 36o day record, or, more especially, 
• ; Dmny Set , 34 510 (1951) 
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to have the cows and heifers freshen at the time of year when 

milk IS in greatest demand, usually in the fall of the > eat 

that are kept to an older age before breeding should not be led 

heavily on gram i r ^ 

It should be understood that each time a cow or a heirer go 
through the estrus cycle an additional chance is given for some 
abnormal condition to develop that may cause a lowered breed- 
ing efficiency Such things as retention of the yellow body, the 
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development of a cyst, or other abnormalities may occur 
sooner a cow is rebred after she becomes normal after freshen 
mg, the better is the chance for conception 

{b) Breeding too soon after freshening will decrease the con 
ception rate It is best for a cow to pass through tivo estrus 
cycles after calving before breeding her again If she is norma 
she may safely be bred on the third heat period, but if she s 
had a retained placenta, or shows any discharge of any wo , 
she should be held until she has completely recovered 

(c) The period in the estrus cycle durmg which the cow wi 
mate is called the estrum or heat period Most dairy anima s 
show definite signs of heat, such as mounting other cattle, 
mg for others to mount them, and general nervousness ® 
estrus cycle averages about 21 days m length, but vanes from 
16 to 28 days The heat period will usually last for from 14 to 
18 hours, but may vary, and it ranges from 12 to 24 hours m 
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length The time of service durmg this heat period may be of 
great importance. Ovulation does not take place until about 14 
hours after the end of heat For tins reason, cows bred after 
going out of heat may conceive, provided that it is not too long 
after the heat penod The sperm must meet and fertilize the 
egg wlule tliey both are ahve and active 
The Nebraska Stahon ® found that breeding during the last 
half of the heat period gave the highest conception rates Diffi- 
cult breeders are sometimes bred twice during the heat period, 
from 6 to 8 bouts apart Figure 40, based on data from the 
Nebraska Expeiiment Station, shows the best time to breed to get 
the best breeding efficiency 

(d) Probably one of the greatest causes of delayed breeding, 
and, hence, of low breedmg efficiency is failure to recognize when 
a cow IS in heat Some cows do not show when they are in 
heat and require careful observation by the herdsman This is 
especially true when tlie cows are not turned out together dur- 
ing the winter months A good herdsman will be careful to 
observe every cow every day A careful record of breeding dates 
would give him indications of the time to watch the cow 
The following system, Table UCVII, is used in New York to 
deteimme when a cow should be bred artificially 

TABLE LXVII 

Time to Breed Cattix AnxiFiciAiiDY fob Best Results 

Heal First Observed "NYhen to Breed Too Late 

Iii.the morning The same day The next day 

Afternoon or evening Forenoon next day After middle of after 

noon, next day 

The duration of estrus was observed at the Nebraska Experi- 
ment Station, cows remained m heat longer than heifers Those 
first observed m heat in the afternoon remained m heat longer 
tlian those first observed m heat earher in the day, as shown m 
Table LXVIll 

Breeding Records Breeding records are essential m achieving 
and maintaining a high breedmg efficiency in a dairy herd The 

“ Vchr fics BjiIs 1S9 and 153 
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TVBLE L'VMU 


\VEaACE DtnUTlON OF 

EsTites 

\CC0BDI\G TO TiSIE OF DaT 


Heifers 

Covs 

Eslrus First Observed 
Before 9i)0 a.ji 

9iK) AM to 12:00 noon 
After 12i)0 noon 

Vv erage 

Number 

S3 

7 

IG 

Hours 

14 3 

14 C 

17 1 

15 3 

Number 

43 

10 

S7 

Hours 

16 

18 1 
20 4 
17 8 


records needed are {a) dates anunals come into heat, {b) serf 
ice dates, (c) sire used, (d) date cow is due to caUe, {e) t® 
the cow calves, (/) health history of cow following partunhon, 
such as difficult calving, retained pbcenta, metnbs, etc. 

A complete record of the breeding and reproductive history 
of every animal in the herd will aid in the following wa>s 

(a) Locate cows with previous difficult breeding , 

(b) Indicate cows that may need to be treated before breed 
mg because of retained placenta, metntis, or other troubles 

(c) Show the approximate date that the animal should come 
m heat 

(d) Show whether or not the heat penod IS regular 

(c) Aid the vetermanan m making a proper diagnosis o 
breeding trouble 

Carrymg Out the Program. Much of the breeding efficien^ 
of a dairy herd depends upon the health of the herd, and e 
efficiency of the herdsman No program is any better than e 
manner m which it is earned out The herdsman should first o 
all free the herd as far as i>ossible of all mfectious diseases an 
then take every precaution to see that the details are earned ou 
Nothing will so interfere with the profit from a herd as a low 
breedmg efficiency 
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One of the t,r(.alcst mages of the profits of Jair> faniis is 
case Each cow sold for si mghttr represents a loss to t ic ex c 
of the difference between the beef \alne and the saluc o a si 
Hr cow for dair) puri>oses Asdel * made a sur\e> of cows 
mosed from dairy lierds the summar> of winch is b*'®” , 
Table LXIV This stud> covered seventeen slates and me u 

1 \UI h lAIV 

Ueasons loii Cow Uijjov \Vi niou D H I-\ llcims 
llcason for Uemoval I'lr Cent 


Dair> I uqwxo ^ 

Low I roaliiclion >> 

L I Icr trouble 11 

Mwrtioiis 7 4 

Stcniitj 8 i 

Did a 0 

Old age - 8 

Oil cr reasons 8 i 


nearly 600 000 cows that were removed from Dair) 1 cr 
provement Association herds An average of 21 9 per cent 
cows in these herds were removed yearlv This vane 
erably from one state to another 

Seventy six per cent of those leaving the herd were 
for reasons other than for dauy purposes Nfore than one 
this group were lost through injury disease or death 
Herd health depends on careful management as we 
freedom of disease A good herdsman will maintain con 
that are not conducive to injury of Uie animals or the spre^ 
* J Da ry So 34 o29 { I9al) 
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diseases He may observe conditions m animals tliat are not 
entirely normal before tlie difficulty has caused much damage 
An ammal may not eat her feed as eagerly as usual or not clean 
it up, she may stand uneasily m her stall, her hair may stand up 
on her abnormally, the dung may be too soft or too hard in. con- 
sistency and its amount may not be normal, her milk flow may 
be low, she may stay away from oUier animals in the bam or 
pasture, or she may show other abnormal behavior An alert 
herdsman will attempt to locate the trouble and correct it before 
it becomes critical, or, if it is an infectious disease, prevent further 
spread of it as far as possible 

The herdsman should know tlie symptoms of some of the more 
common dairy cattle diseases so tliat he may employ necessary 
preventive measures First aid and minor treatments should be 
administered by the herdsman, but the more serious cases should 
be treated by a veterinarian The training and the experience 
of the herdsman and the availability of a veterinarian may de 
termme to some extent the amount and kind of treatments that 
tlie herdsman will attempt to give He should in a general way 
decide the type of herd healdi problems that he will attempt 
to care for and then equip himself to handle them to tlie best 
advantage When animals require the services of a veterinarian, 
he should be called without delay so that the most efficient 
treatment and effective results can be had 

Good herd health management mcludes cleanliness, isolation 
of sick or injured animals, protection from poisonous plants and 
matenals, and having premises free of equipment and other ob 
jects tliat may cause injury to the animals 

Ckanuig and Disinfecting Barns and stalls that are con- 
structed of concrete and metal stanchions and partitions are 
much easier to clean tlian buildmgs of wood construction A 
thorough cleaning should be made with a brush and a hot lye 
solution or a hot solution of an alkali washing powder and a 
wetting agent 

The cleaning should be followed by the use of a disinfectant 
over all surfaces This can be applied with a sprayer or a 
sprinkler Coal tar or creosote disinfectants are recommended, 
except in the milking barn or tlie milk house, where milk would 
absorb the odor Chlorine can be used in these places When 



420 Dairy Cattle Healtli 

there is considerable cleaning to be done, the use of a high- 
pressure steam jenny will help to mahe the job much easier. 

Isolation. A well managed herd will have complete isolation 
facilities that will be available for animals with any disease that 
might be contagious or infectious Sick and injured animds 
should be isolated from the rest of the herd Isolation will help 
protect the rest of the herd from disease Animals that are to be 
brought into the herd should be isolated for a period of 3 or 4 
weeks or longer, until they can be retested or until they have had 
sufficient time for any disease to develop that miglit be danger- 
ous to the health of the herd 

The attendant caring for animals in isolation because of con 
tagious diseases, should not go directly from the isolation 
to the other cattle He should wear different clothes, and shoul 
thoroughly wash and disinfect his shoes and his hands 
Poisons There arc many poisonous chemicals and plants that 
may kill animals Probably the worst offender is lead paint, on 
fences or buildings to which animals have access, and discaraeu 
paint buckets and brushes Ferhlizcrs, especially nitrates, "T" 
kill cattle if they are where the animals can hek them from the 
bag or when spilled m a pile m the pasture Sprays, rat poisons, 
and other poisonous matenals should be stored so that animals 
cannot get to them 

A large number of plants are poisonous to animals They are 
more dangerous when pastures are short and animals are not as 
selective m their grazing. Some of the common poisonous plants 
are larkspur, com cockle, nibberwced, water hemlock, the poison 
ous milkweeds, jimson weed, rayless goldenrod, and locoweea 
Also, immature sorghum and Sudan grass, and wilted wild cherry 
leaves contain hydrocyanic or prussic acid If very much is con 
sumed, it is fatal Acorns will cause milking cows to dry up 
Cattle of any age are affected by severe digestive disturbances 
from eatmg acorns 

Foreign Bodies or Hardware Disease A large number o 
dairy cattle are lost every year from foreign bodies Metal ob- 
jects, especially those with a sharp point, such as nails, pieces 
of wire, and staples are dangerous when swallowed by a cow 
Smee the cow does not thoroughly masticate her feed hef^® 
swallowing, these matenals axe sometimes taken m with the fe 
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When swallowed they tend to move forward into the reticulum, 
which may be only an inch or less from the heart. If the ob- 
ject passes through the wall of the reticulum it may result in 
peritonitis, which causes the cow to drop suddenly in milk and to 
go off feed. Unless the foreign body is removed by surgery, the 
peritonitis may become more severe and be followed by abscessa- 
tion in various parts of the body and eventually death. The 
metal may penetrate tire pericardium, or heart sac, a condition 
for wliich there is no treatment. 

Prevention consists of eternal vigilance in picking up all pieces 
of wire, nails, or other metal that might get into tire feed. Most 
feed companies pass feed over a magnet in order to remove any 
pieces of metal. Some farm mills have a magnet built into tlie 
feed chute. 

DISEASES 

Tuberculosis, At one time, tuberculosis was the most im- 
portant disease of dairy cattle. An effective control program, 
carried on by the federal government in cooperation rvith the 
various states, has reduced infection in dairy cattle to less than 
0.5 per cent. The control program consists of testing the animals 
with tuberculin, and any reactors are slaughtered. 

An accredited tuberculosis-free herd is one which lias had 2 
clean annual tests. To retain this status, the herd must continue 
to be tested yearly, with all animals passing the test. A modified 
accredited area may be a county or a state in which all cattle 
are tested and where not over 0.5 per cent reactors are found. 
Also, the herds where reactors were found must be retested at 
intervals until all animals in it are found to be negative. All 
healdi ordinances dealing with the sanitary production of milk 
require that the herd be tested annually. ’ 

Brucellosis (Bang’s Disease). Brucellosis, sometimes referred 
to as Bang’s disease or infectious abortion, causes heavy losses 
to the dairy-cattle industry. It is caused by an organism known 
as Brucella abortus. About 90 per cent of abortions in cattle are 
caused by this organism, although abortions may have other 
causes, such as injury, strong medicine, and improper feeding. 
This organism may also cause Brucellosis, or undulant fever, in 
man. A number of cases of this disease contracted from raw 



422 


Dairy Cattle Health 


mill, from meat products, or from contact with infected animals 
have been reported , 

In the dairy herds, the loss due to Brucellosis is not due alon 
to the loss of the calf, but also to such factors as the loss o 
many cows on account of their weakened condition retaine 
afterbirths and mctntis, which often lead to stenht), shy bree 
mg, loss of flesh, loss m milk (low, lowering the sales \alue o ic 
animal, and extra labor required for handling an infected cr 
It IS particularly costly to purebred breeders since they osc 
not only from llie interference with their milking and bree mg 
program but also from the sale of breeding stock The Lwcstoc 
Sanitary Association * reported that in 19-(9 the loss 
disease in the United Stales amounted to 1(X) million do ars 
It is estimated that 5 per cent of the cattle m the United States 
liave Brucellosis and that there is a reduction of 22 per cent m 
milk production and 40 per cent in the calf crop of infected cows 
The disease is quite infectious Tlic chief mode of infection 
is through the digestive tract The organisms usually enter y 
means of the feed and water From tlie digestive tract the or 
gaiusms are taken into the blood and may localize m the gem a 
organs or m the udder Infected animals discharge the bacten 
at time of abortions, at normal calvings and for a penod ere 
after as long as there is any ulerme discharge Tlie organisms 


may also be present m the milk 

The blood agglutination test is used to diagnose the disease 
The federal government, m cooperation with the various 
has a program of Brucellosis eradication It is based on 
testing and slaughtering the reacting animals Requireme 
for accredited or certified herds are similar to tuberculosis re 


quirements 

Vaccination of animals against Brucellosis is being used as 
control program Most stales have adopted a calfiiood vaccina 
tion program In this method, heifer calves between the ages 
of 4 and 9 months of age are vaccinated A low virulent strain 
(Strain 19) of the Brucella organism is used almost exclusive y 
^Vhen a calf is vacemated it will react for a time to the aggtu 
nation test The older the calf when vacemated the longer time 


• BniceUoiit U S Livestock Sanitaiy Assoc 1&49 
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that IS required for it to return to a negative blood test The 
older calves seem to develop somewhat greater immunity than do 
the younger calves About 97 per cent of calves vaccinated be- 
tNveen 4 and 9 months of age can be expected to be negative to 
tlie blood test by the time they aie 30 months of age Many will 
be clear within a year after vaccination 
When older animals are vaccmated they miy cairy a positive 
reaction indefinitely or tlirougliout their lifetime The reaction 
cannot be differentiated by routine testing from that due to 
natural infection Adult vaccinabon with Strain 19 vaccine is not 
generally recommended, although it may have merit in some 
specific cases 

Work has and is being done to develop new and improved 
vaccmes, hut they are still largely in the experimental stage and 
are not for general use 

The calfhood vaccination program is a late development and 
IS undergoing continual change and improvement Vaccmated 
heifers from clean herds are m strong demand 
Tliere are four plans for the control of Brucellosis, all of which 
depend upon the systematic testing of the herd and occasionally 
upon vaccination also They are as follows 

Brucellosis Control Plans 

Plan 1 The herd is blood tested, and reacting animals, if 
any, are slaughtered 

Plan 2 The herd is blood tested with reacting animals, if 
any, slaughtered, and calfhood vaccination is initiated 

Plan 3 The herd is blood tested to determine the extent of 
the infection but the reactors are retained until vaccmated re- 
placements are available (a maximum period of 4 years is sug- 
gested) Calfhood vaccination is practiced This plan permits 
the owner to remain in busmess and keep some valuable animals 
when otherwise it might be an economic hardship to slaughter 
all reactors Removal of animals from the herd, except for 
slaughter, is restricted 

Plan 4 Vaccinate the entire herd, including calv es and adults 
This plan should be used only for herds needing emergency treat- 
ment for protection agiinst a virulent infection, and it should 
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only be used as a last resort in Brucellosis control and almost 
never in a dairy herd. 

Other Reproductive Diseases. Other diseases 
abortions in cattle. In some, the causative organism 
in the uterus and causes the ea.-puIsion of the fetus. Others o 
abortion indirectly by affecting the general condition o 

TricJiomoniasis is a disease of dairy cattle causing abortion an 
other breeding difficulties, such as failure to conceiv e 
metra. It is caused by a protozoan. Trichomonas fetus, ^ r^^d 
ported in this country' in 1932. The d isease is spread by ... 
bulls during service and occasionally by close contact , 

fecled cows. A bull may become infected by sers'ing an 

cow. 1 . tiv 

A definite diagnosis of the disease can be made o > . 

finding the causativ e organism by direct microscopic ^ 

of material from the sex organs of the cow or bull Thu 
may be extremely difficult to diagnose positiv ely. A i 

br€^mg history of the herd and of individual animab in the c 
may give an indicatioa of the presence of the disease. 

There is no si>ecific treatment for the disease. 
should not be used. Some treatments are being tried for 
W^en the herd is known to be infected, artificial insemio^ o 
should be practiced exclusively- Cows that abort may 
if given a period of sexual rest of about 3 months, as the organism* 
will not live longer than 3 months in the nonpregnant cow. 

Vibrio fetus is a comma-sbaped bacterium that may ca ^ 
abortion in cattle. It interferes with the normal function an 
tachment of the placenta. The outbreaks seem to 
radically, causing considerable trouble, but with no evi 
or history of means by which it gained entrance into the 
.\fter a time, during which it seems to nm its course, it P* 
pears as mysteriously as it gained entrance. u^Hpd 

The diagnosis is based on the examination of the abo ^ 
fetus, for the organism itself. Abortions occur most 
from the fourth to the sixth month. This disease 
found to be the cause of temporary sterility’ in many herds ^ 
cows that do not abort, and when the number of cows 
in the herd is quite low. Means of spread of infection is 
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entirely known Laboratory examination of aborted fetuses to 
find tlie organism or organisms causing the abortion, whether 
Brucellosis, trichomoniasis, vibnosis, or another is a procedure 
recommended m making early diagnosis and elimmahng the 
trouble as early as possible 

Mastitis. Mastitis is one of tlie most serious and costly dis- 
eases with which the dairy farmer has to contend The annual 
monetary loss, due to the loss of valuable cows, decreased milk 
production, and poor quality milk, is tremendous 

There aie two forms of the disease, the acute and the chronic 
The acute form is readily recognized, although it is much less 
common tlian the chronic It is recognized by the sudden de- 
velopment of a swollen quarter, which becomes hot and pain- 
ful The secretion is much reduced and vanes in consistency 
from a watery blood tinged fluid contammg a few solid particles 
to a thick, yellow, ropy matenal Such cases are usually accom- 
panied by a general reaction of the animal, such as loss of appe- 
tite, a rise in temperature, diarrhea, dulls, and general weakness 
Such cases were formerly thought to be temporary and it was 
believed that recovery meant the end of the trouble The acute 
5>mptoms are often simply a flare up of the chronic form already 
present m the udder, and recovery from the acute form often 
means a return to the chrome 

The chronic form is of much greater importance than the 
acute It IS not uncommon, upon exammation, to find the chronic 
form of the disease in one or more quarters of the udders of 
half the cows in a herd Because of the lack of easily recog- 
nized symptoms the owner is usually unaware of the extent of the 
disease 

Causes of Mastitis Mastitis is an infectious type of disease, 
caused by any of several tyx>es of organisms which gam entrance 
into tlie udder tlirough the teat canal The streptococcus type, 
especially Streptococcus oQalacttae is by far the most important 
These organisms spread rapidly through the udder and tlirough 
the herd but rarely, if ever, cause disease in man Although 
herds have been known to have become infected from, the hands 
of an infected milker and then spread such diseases as septic sore 
throat and scarlet fever through consumption of the milk, but 
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^ very rare, arrd these types do not tend to spread m the 

’’^Nevt m importanee to the strepto^^ t>-pe « ^ 

coc«« Thrs causes some forms of “ ^e, do 
staphylococcr are not Rely to persist m ^ 

the streptococci. Occasionally, colifomi type and other t)T» 
of orgamsm may infect the udder ^ 

Many factors contnhute to this disease, such as ) 
udder or teats, drafts, cold, damp smlls, madequa e smlRpa«. 
exposures, excessive vacuum on millong machme , =. 

„..i „ nn tm lonir. sores on the teats, and lacl. ot suin 


cient bedding. Although \oung cows 


often have the disease. 


older cows are more frequently infectetL , 

Ducvosis The acute cases are easily r^gmzed, 
nosis of the chrome form is more difficult tjje 

in the udder mav result in some change m the compo ^ 

milk e>en though the milk looks normal As a resuit ^ 
fection, the amount of butterfat, lactose, casern a P 
other elements m the milk, may decrease ® 

the number of leucocytes, the salt content the .gnJ 

tena, and other products resulting from inflammation 
activity are increased A change m the character o 
tissue also occurs The nonnal secretory tissue is gra 
placed by nonsecretory scar tissue and the affected q 
their soft phable quality and hard areas appear 

There are several tests for diagnosmg the disease, but 
accurate requues laboratory facihties and 
tr aini ng. Two are useful and can be earned out by ® 

man r jjie 

(a) Udder examination The physical examination 

udder will detect areas of fibrosis, indicate unevenn 
quarters and detect mjunes ^Irawn 

(b) Strip cup In this test several streams of milk are 

from each quarter mto a cup with a cover of a -plie 


screen or black cloth immediately before the cow is t 
appearance of clots or flakes on screen is evidence 
This test IS always used m well managed herds It 
however, detect infected cows that are not giving abno 
The most reliable test for mastitis is the microscopic £ 


; examma 
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of the milk from each quarter. This examination will show 
kmd of bacteria present and the leucocyte count Other 
i mclude the Hotis test, tests for lactose or chloride, and the 
n-thymol-blue test 

REATMENT Prevention is more important than treatment 
t cow should be protected from injury and exposure, by pro- 
mg her from all the contributory causes which have already 
n listed It IS wise also to use sanitary precautions durmg 
kmg such as waslung the teats with a disinfectant solution be- 
5 milking, and milkmg last all cows kmown to have the 
sase 

The acute form may be alleviated by conhnuous applications 
hot water applied to the affected quarter, accompanied by 
quent milking The quarters affected should then be treated 
indicated for the cliromc form 

The chronic form can best be treated by the use of certain of 
5 new drugs and antibiotics which are injected into the affected 
arter. The following have been used with good results pem- 
Un, streptomycin, aureomycin, gramicidm, bacitracin, tyrothri- 
1 , and various sulfonamides Treatment is most effective 
aen administered before the disease becomes acute, since of 
urse it cannot restore scar tissue to normal tissue 
The effect of the antibiotics on the milk supply has caused 
me problems in dairy plants The concentration of these in 
Le milk inhibits the growth of acid-producmg bacteria for sev- 
al milkings after treatment This causes trouble in the manu- 
icture of cheese, butter, buUermilk, and m making starters 
or these reasons, it is now recommended that milk from a 
eated cow should not be added to tlie salable milk for a period 
f 72 hours Such milk, if otlierwise normal, can safely be fed 
3 the calves during this period 

Milk Fever, Also Called Parturient Paresis or Parturient Hy- 
localccmia. Milk fever is a disease tint usually occurs only after 
aUiiig and then generally only in the high producing animals 
dilk fcNCr IS rare m first-calf heifers and occurs most frequently 
n \stU fed cows It seems to be more common m the higli test- 
ng breeds 

SwiproMs The first symptom of the disease is staggering, 
.Uilhiess of the c>es, and a falling temperature. The cow lies 
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dc-n and becomes 

she vs-dl be on her brisket svalh her head 

side. Sometimes as the condition 5'^“^ ^ condition, 

ont on her side isilh her head extended. k\Tien m 

the cow may contract meehamcal ^ ^ ,„ch 

hahng food matenal that is regurgitated or flows ^ 

while she lies m this position, or she My ^er ^ 

mg She should be propped up on her brisket 

trLle Usually, unless prompt rehef m gii en, death results m 

^“o. Mn. Feixu. Mdk feter is tnu^ by tieJow^5 
of the calaum salts of the blood. The supply of ^ 

blood may become low if calcium from the tissue ^ 

mobOized as rapidly as the udder takes it fcr 

parathyroid hoimone appears to be the ^ £,^000 

fegulatmg blood calaum The reason for an msufflaent boim 

actinty has not been deterauned. ,„.„mislv m- 

TnaATsiEiT. Mdk feiet may be cured by 
jectmg 2S0 to 500 cubic centuneters of a J) 
of calaum gluconate. Sometunes a second or esen a 
jecbon ma> be necessar> «nth air 

An older treatment m which the udder was m ^dder 

pro%ed e2ecti>e. Treatments were sometimes ^ 

infections due to unfiltered air and to the use o , builds 

had not been cleaned and sterdizcd. The air m eu 

up back pressure that stops mdk secrehoo and the i ^ 

of calaum from the blood. This process aUows tta 
rebuild its calaum supply Response after this trea , 
as rapid or regular as it is after the injection of ^ 

Medicme should never be given a cow b\ 
mills fever, as her throat is partially paralv’zed and e 
mav go down the windpipe and cause pneumonia. *' . . jp, 

It is a recommended practice not to milh a cow comp e ® 
for sevcTal millsings after calvmg. This will reduce ® 
of mills secreted and cons«iucnlly the amount of ci^ caied 
from the blood. It has bc-en observed that ^ be 

udders at time of calving seldom have milk fever ^ 

because of the fact that not all the milk can be remos 
such udders. 
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Preventive measures generally have not proven successful 
However, studies at Ohio ® and Virgmia t have indicated that 
massive doses (10 million to 30 million units daily) of vitamin D 
m the form of irradiated yeast given 4 or 5 days before calving 
may reduce tlie incidence of milk fever 

Acetonemia, Also Called Ketoses Acetonemia is a metabolic 
disturbance caused by an abnormal concentration of tlie ketone 
bodies m the blood, milk, and urine of affected ammals These 
ketone bodies are tlie products of incomplete utilization of body 
fat, and the mam ones are acetone, acetoacetic acid, and beta- 
hydroxy butyric acid The disease usually occurs within 6 weeks 
after calving and when cows have been exceptionally well fitted 
and then lose weight rapidly Reduced feed intake just before 
and after calvmg seems to be a contnbuting cause There seems 
to be a high incidence also in tlie early spring, when the cows 
are changed from barn feeding to pasture In certain sections 
of the country, probably because of soil deficiencies, the incidence 
of acetonemia is higher dian m other areas 
Symptoms When present m its typical and uncomplicated 
form, acetonemia may cause the following symptoms abrupt 
drop m the milk flow, loss of appetite, rapid loss m weiglit, and 
drowsiness Other symptoms may include excitement, noted by 
circling m the stall or yard, pressmg forward against the manger, 
and depraved appetite 

Diagnosis A test can be made of the urine for ketone bodies 
Th\s test may uot always mdwate the d^ease, smce asvy fastiug 
animal will have ketone bodies m the unne 
Treatment If a cow’s appetite can be kept so that she will 
consume enough carbohydrates to avoid makmg unusual demands 
on the fat deposit of her body, she is less likely to have ace- 
tonemia If a cow goes off feed, however, or is limited m tlie 
amount of feed at the time that the milk flow is increasing rap- 
idly, she will call on her reserves, which means an excessive use 
of body fit. With the possible formation of large quantities of 
ketone bodies, and, as a result, acetonemia 
The intravenous injection of glucose solution is effective 
Wlien the disease is assocnlccl wiUi milk fever, the injection of 
• J Dairy Sd , 3 1 193 ( 1951 ) 

1 Pftic f\stoc Sou Agr Woflcrs (1952) 
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calcium gluconate is recommended. The feedmg of 
or com sugar may be of salue, as it not only prondes a rra 
digesUble energy but also stunulates the appetite so 
aiSmal «-iU eat more The feedmg of highly palatable feeds is 

Reports’ have shown recovery by tieatmg 
corbsone or .yCTH Sodium propionate f has been 
partiallv successful. The feedmg or drenchmg vu 
acetate I has been used with \ar\mg results m the ea 


this disease. , 

Bloat, Sometimes Called Ho\en. Bloat is cause > 

normal accumulabon of gases m the paunch Thisr 

distension of the organ with subsequent paral>sis o i 

the absorption of touc gases, and pressure on vital ^ m 

if not promptly reheied, may cause death The gases o 

the rumen of bloated animals are also formed m , a the 

normal ammals under normal feeding condition, bu w 

latter the gases, as they are formed, are either belcnrt 

off through the excretory organs Bloat is more ' clovers 

when the animals axe on legume pastures, such as ® ^ 

and alfalfa. There does not seem to be complete agree 

to the conditions under which bloat will occur Some > 

gives httle trouble, whereas another vear under 

same conditions it will be troublesome Some report mor 

in the morning, others more ID the late evemng, an s 

more during the hottest part of the da> Some report mo 
when the devv is on the pasture, others feel that these con 
have no effect on bloat- bloats 

Elxcess gas production m the rumen is not the cause o ^ 
per se, smee the ruminant can normally belch more gas 
likely to be produced. The cause of the accumulation 
IS due to the animal’s inabilit>. under certain conditio^, 
the gas from the paunch Evidence indicates that be c 
result from coarse roughage m the diet, and that bloat on 
legumes is due to a lack of scabrous matena! to sUmu ® 
fibers m the wall of the rumen. For this reason, it is a ' 


• / Dairy Sci . 33 497 

t Ptoc \utr Council, AFUA (Decaubei, 1953) 
t J Dairy ScL, 33 497 
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to give animals a feed of hay before turning them on legume 
pasture 

Prevention Certain precautionary measures will aid in re- 
ducing the number of cases of bloat caused by legume pastures 
Some of these are the following 

1 Give the cattle a good feed of dry hay before turning them 
on a legume pasture This is very important, especially the first 
time they are on the pasture Do not turn them on the pasture 
when they are hungry. 

2 Do not allow them on the pasture for a long period of tune 
durmg the first few days Contmue to barn feed until they 
become accustomed to the change 

3 Do not seed legmnes by tliemselves when they are to be 
used for pasture Have some grasses such as brome grass, 
orchard grass, or timothy in the mixture 

4 Have some dry, coarse hay available for the cows, eitlier ui 
a rack or stack in the pasture or feed them before turning them 
out 

5 Provide water in the pasture or nearby 

Treatment In mild form, the gas may be released by placmg 
a wooden stick or a bndle bit m the cow’s mouth and placing the 
animal with its front feet higher than its rear feet With the cow 
m tins position, the gas will have more opportunity to be expelled 
and the act of chewing on the stick or trying to get it out of its 
mouth may be effective in expelling Uie gas Another way to 
icmovc gas is mseit a long Tubbet tube down the esoph- 
agus into tile rumen, through which the gas may escape The 
animal may be drenched with various remedies m order to re- 
duce the amount of fermentation Two to 4 ounces of turpen- 
tine or kerosene in 1 quart of water or milk, or Vi ounce of 
formalin m 1 quart of water, given as a drench, may inhibit 
further fermentation and allow tlie gas to escape normally Antx- 
fenneiits or debloalmg medicines ha\e recently been developed 
and are effective treatments 

Uehev mg so\ ere c iscs of bloat consists of puncturing the rumen 
on the left side of the animal, using a trocar and cannuh, m 
emergencies, a knife ma> be used The place to be tapped is 
the* center of a triangle fonntd bj the hipbone, the last rib, and 
the backbone This method should be used only as a last resort 
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The cannula should be allowed to remain in the wound until all 
the gas has passed olF. 

Foot Rot, Abo Called Foul Foot and Foot Evil. Foot rot b 
an infectious dbease generally appearing between the claws of 
cattle. Affected cows move around with difficulty, decrease 
severely in milk production and many may develop an ill-shaped 
hoof as a result of this trouble. Most dairy herds are troubled 
to a certain extent by this disease. Certain conditions, such as 
wet, muddy barnyards or pasture, and foot injuries as wire cuts 
and bruises are predisposing factors to infection. The disease 
spreads rapidly in muddy yards and when so established is diffi- 
cult to eradicate. The infection may also enter the body 
tluough the digestive tract or by other routes. The first symptom 
is lameness which, together with the characteristic odor, is suffi- 
cient to show its presence. 

Treatment. The first thing to do is to clean the affected part 
thoroughly, washing it with a strong solution of disinfectant and 
to keep the animal in a clean, dry place. Powdered copper sul- 
fate, dusted over the affected part or dbsolved to form a paste 
or a 3 per cent solution and then put on has proved satisfactory. 
If several cows are affected, a solution of formaldehyde or of 
copper sulfate can be made in which the animal can stand for 
several minutes every day. Intravenous injection of sulfap>’ri- 
dine or sulfamethazine or a combination of the two has been 
effective in its treatment when given in the early stages of the 
infection. 

Hemorrhagic Septicemia. Hemorrhagic septicemia or ship- 
ping fe\er is a mixed bacterial infection causing various symp- 
toms, including fe\ er, chilling, coughing, discharge from the nose 
and eyes, weakness, and diarrhea. The disease is often compli- 
cated by pneumonia. It is associated with moving, fatigue, and 
exposure of animals of any age, but especially calves and >ounS 
animab. 

Proper feeding, care, and preventing e.xposure are the best 
methods for control. Cattle that are to be transported to sales 
or shows, with a probable exposure in transit, can be gi'cn 
some protection by the use of specific vaccines or scrums. To be 
most cffcctix'e, the vaccine should be gi%-en 10 da>'s to 3 weeks 
'•Unxw Hm(* for the animal to develop 
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some immunity in its o\vn body. If the serum is used, some 
resistance to infection is present immediately. 

Pneumonia. Pneumonia is usually a secondary disease accom- 
panying some other disease As a primary disease, it usually 
follows chillmg caused by exposure to cold winds and rains or to 
cold, drafty, damp quarters 

Pneumonia is characteri2ed m llie beginning by dullness, lack 
of appetite, high temperature, rapid and shallow respiration, and 
dilated nostrils. The muzzle is hot and dry, and the coat is 
rough and tlie skin dry. Diarrhea usually occurs, especially as 
the disease advances In the treatment, good, liygemc surround- 
ings, protected from drafts, winds, and ram should be provided 
The calf should be blanketed and placed in a clean, well-ventx- 
lated stall 

Various sulfonamides and antibiotics have proved to be effec- 
tive and tlieur use usually result m rapid recovery if administered 
eaily and m proper dosage Smce the disease is encountered in 
many forms and stages, the proper treatment is a problem for a 
vetermarian 

Pmkeyc. Pinkeye is a disease that causes irritation of the eye, 
witli watering and pain Advanced and complicated cases may 
show various symptoms, includmg blindness, winch may be per- 
manent Animals of all ages, more especially calves and year- 
lings, are susceptible Affected ammals should be isolated and 
kept out of blight sunlight Treatment with antibiotics is effec- 
tive The feeds should be high m carotene, as such trouble is 
sometimes aggravated by a lack of carotene and vitamin A 
Coivpox. Blisters containing a yellow fluid on the cow’s teats 
are signs of cowpox These blisters rupture, leavmg raw sores 
or ulcers which are quite sensitive This disease is not generally 
very serious and does not cause general symptoms in the cow, 
but the sore, painful teats do cause tlie milker a great deal of 
inconvenience at milking time The hand milker can spread it 
from one cow to another, especially if tliere are scratches on the 
cow’s teats, unless he washes and disinfects his hands between 
milkings Various teat ointments, such as carbolized Vaseline 
or zinc omtment help to soften tlie affected spots and hasten 
healing 
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a precaution, until more information is available, animals should 
not have access to products that might contain the causative 
agent. 

Difficult Parturition. Cases of difficult parturition are compar- 
atively few and it is best not to interfere with the delivery of 
tlie calf unless it is definitely apparent that assistance is needed 
The normal presentation is one in which the forefeet appear 
first, with the head lymg on the forelegs When presentation 
occurs as it should, it is seldom that tlie cow will need help 
Sometimes deviations from the normal, such as the failure of 
one foreleg to appear, or the hindlegs appearing first, etc , occurs 
In such cases, the herdsmen can often render the necessary assist- 
ance In more complicated cases, a veterinarian should be called 
Rctamed Afterbirffi It occasionally happens that the after- 
birth, or placenta, does not come away This is especially com- 
mon after abortions and is associated with infections of the repro- 
ductive tract Unless the afterbirth is removed, serious compli- 
cations may result If the afterbirth has not come by itself within 
48 to 72 hours, it should be removed Tlie removing of the after- 
birth should not be attempted by anyone who is not familiar 
with the anatomy and normal functioning of the cow’s uterus 
Improperly done, it can result disastrously for the cow’s future 
breeding possibilities or even for her life 

Teat Troubles. The teats of milking cows often become 
scratched or cut Various ointments and skin, antiseptics will 
hasten the healing of these wounds Care should be taken to re- 
move from the lots and pastuie anything which might cause 
injury to the udder and teats of the cow 

Deep wounds that enter the teat canal, leaky teats, closed teats, 
spider teats, and various teat injuries should receive the attention 
of a veterinarian Many of these may require surgical treatment 
if satisfactory results are to be secured These surgical pro 
cedures and the use of teat plugs, dilators, and tubes should be 
used with extreme caution to prevent the entrance of infection 
into tlie udder, causing mastitis Teat troubles are among the 
most difficult problems a vetennanan has to treat unless extreme 
care and cooperation on the part of the herdsman or oiviier are 
exercised at all times 
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consists of applying tincture of iodine to the spots. Several effec- 
tive fungicides have been developed. 

Lice. Two species of lice commonly affect cattle, especially 
young cattle. Their presence is indicated by rubbing, loss of 
hair, and eventually loss in weight One of these species is a 
blood-sucking louse, tlie blue louse, and the other is a biting 
louse, the red louse. Lice spend tlieir life cycle on the host 
The female lays from 30 to 35 eggs when they are about 12 
days old, and tliese eggs (nits) cling to the hair and hatch in 
from 11 to 18 days. The red lice are usually found on tlie side 
of the neck, withers, and tail head, but they may be found 
elsewhere. The blue lice attach themselves in patches on the 
side of the neck, brisket, back, inner surface of the thigh, and 
around the nose, eyes and ears. 

Good herd management goes a long way in controlling lice. 
Well-fed animals seem to resist infection, and when infected tliey 
do not suffer as severely as poorly fed animals. The trouble may 
be controlled by spraying the affected animals with a mixture of 
methoxychlor and lindane, as recommended for the control of 
flies. Lindane should not be used for calves under 3 months of 
age. Rotenone powder is effective, also, and it can be applied in 
cold weatlier when spraying would not be advisable. 

Other Diseases. There are many otlier diseases and ailments 
of dairy cattle. Some are quite common in their occurrence 
while others are not widespread or are newer diseases in many 
of the areas. Some diseases, including foot and moudi disease 
and anthrax, are of national concern because of their highly 
contagious nature and the recent outbreaks on this continent. 
Leptospirosis and anaplasmosis are diseases that are showing up 
in more herds than formerly. 

FEDERAL AND STATE OFFICIALS 

The Bureau of Animal Industry of the United States Depart- 
ment of Agriculture has many safeguards to prevent disease in- 
fections from coming into this country. In the event of outbreaks 
of certain diseases, this agency is charged with its control. There 
are also regulations affecting interstate shipment of livestock. 

The various State Departments of Agriculture also are work- 
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mg on the prevention and control of livestock diseases There 
are regulations governing the importation of livestock mto the 
state, as well as intrastate shipments Many of these depart- 
ments have one or several diagnostic laboratories for helping 
veterinarians and farmers in diagnosing diseases Livestock 
farmers should acquaint themselves widi federal and state regu 
labons and faahties and make use of them in maintaming healthy 
herds 
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on the Dairy Farm 


NECESSrXY FOR KEEPING RECORDS 

A successful business establishment always has a system of 
keeping records of transactions. Business cannot be conducted 
efficiently without such methods. This is just as true of tlie dairy 
business as of any other. A dairyman who does not have a 
fairly accurate record of the amount of feed given to the cows 
in his herd, and of tlie amount of milk and butterfat which they 
produce, is certainly not conducting his business upon the most 
efficient basis. 

The actual time required to keep such records is much less 
dian might at first be expected. Their value is clearly seen when 
it is realized that the selection of the herd for improved produc- 
tion is based upon tlie results of records. Cows should be valued 
largely by the amount of milk and butterfat they produce. Other 
factors, such as regularity in breeding and ability to produce 
offspring of equal or greater producing power than the dam, 
should also be considered in placing a value on a cow. Unless 
accurate records are kept, the best cow in a herd is likely to 
have equal rank with the poorest, at least in the mind of the 
owner. 


PRESERVATION OF PERMANENT RECORDS 

One essential of records is that they be simple, though they 
should contain all necessary information. Many dairymen have 
become discouraged in the keeping of records because too com- 
plicated a system was inaugurated. As many records as possible 
should be final and not require copying. This is not possible with 
all forms of records, however. 
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There are three general methods of preserving records Indi 
vidual conditions will determine which one is best suited to each 
case Records may be kept m any of the followmg ways (1) m 
books with permanent leaves, (2) m loose leaf books or files, and 
(3) in envelopes 

There are advantages m using books with permanent leaves 
for some records, whereas the loose-leaf books, files, or envelopes 
are better for others For breedmg records, the permanent leaf 
book has the advantage of bemg safer, as the separate pages 
cannot be lost, but it is cumbersome, as old records must be 
handled frequently and exposed to the danger of being lost if 
the whole book is lost The loose leaf records, however, may be 
divided and only those records that are m use at a particular 
tune need be kept at hand, the records that are used only for 
reference, such as those of cattle that have gone out of the 
herd, bemg put away for safe keeping The loose leaf records 
also have the advantage that all die data relating to an individual 
animal may be kept together so that when it is desired to get 
any information upon a certain cow all such information wiU be 
together m one book The files have the same advantages as 
the loose leaf book, but are not so easily earned around, nor are 
they so oonveoient to handle 

In the envelope system, one envelope is provided for each cow, 
and m that envelope all records pertaining to the cow are kept 
This system is not as convenient as some of the others, but is 
often used for the filing of registration and advanced registry 
papers 

KINDS OF RECORDS 

Several kinds of records may be kept on the dairy faim Some 
of them are more important to the purebred breeder than to the 
breeder of grade anunab The record of production should be 
kept by all diarymen, however 

The important records to be kept are as follows (1) produc- 
tion records, (2) feed records, (3) breeding records, (4) health 
records, and (5) growth and weight records 
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If one IS to loiow the production of individual cows, tivo facts 
must be ascertamed, namely, tlie pounds of milk produced, and 
the percentage of fat in the milk, from which the pounds of but 
terfat can be calculated It is important that both these items 
be known However, if it is possible to ascertain but one of 
tliem die pounds of milk is much the more important The 
vanation between mdividuals is from 2 to 5 times as great in milk 
yield as in fat percentage It has been found that the milk yield 
usually hears a very close relationship to the butterfat yield 
The high testing cows are not always tlie best cows The mere 
fact tliat a cow has a high butterfat test m no way determines 
that she is a profitable cow A high test along with high milk 
production insures a good cow, but the high test may )ust as 
readily be accompanied by a low milk yield, and if so the cow 
may be unprofitable Witlim a herd there is but little relation 
slup between the percentage of fat m the milk and the total 
milk yield However, it is always wise, when possible, to secure 
a test on the cows along with the milk production This is par- 
ticularly true if die milk is being sold upon a butterfat basis, so 
that an exact account can be kept with each cow 

Reasons for Kcepmg Produchon Records The first reason 
for keeping accurate produebon records is that such records show 
die production of the individual cows and diis may enable the 
dairyman to discard diose tliat are not paymg a profit and to keep 
the calves from those of high produchon As has been brought 
out before there is a vast difference m the inherent ability of 
different cows to produce milk One cow may produce 3 times 
as much milk or butterfat as another on one third to one half 
more feed One cow may be causing the dairyman to lose as 
much money as anodier in the next stall is making for him 
Cows that do not produce a profit are known as boarder cows 
Without records of produchon it is practically mipossible to pick 
out the boarder cows from those that are yieldmg a good income 
Milkers often believe diat they can tell a good producer from a 
poor one without keeping records of produchon, but this has not 
proved to be true Often those selected as tlie best turn out to 
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be the poorest, or vice versa. It is the production for the year 
that determines the value of a cow, not the qu^uitity she may gn c 
for a few months. In order to determine lier true value she must 
be fed and cared for throughout the entire year. Herd records 
show that cows that produce a moderate amount of tnilk per- 
sistently arc usually more profitable than those that milk heavi y 
for a few montlis but are dry for a largo part of the >ear. It 
lias been found that practically one-third of the cows in the ordi- 
nary herd are unprofitable. Tlic milker is more likely to remem- 
ber how easy a cow is to milk and how much she gives when 
she is fresh than how many montlis she will milk before going 
dry. It is necessary, then, to determine the actual amount o 
milk and butterfat that a cow produces during the >car, as we 
as the actual amount of feed she consumes, in order to keep a 
complete financial balance with each cow. 

Another reason for keeping a record of the milk production or 
the individual cow is in order to feed her properly. In a prev^us 
chapter it was stated that cows should be fed according to their 
production. In order to do this it is necessary to know what the 
individual cow is producing. Feeding by guess is always was^- 
ful. By means of the milk sheet, a feed chart can easily be made 
up at intervals and the amount fed to each individual cow can be 
based upon her production. 

The third reason why daily records of production should be 
kept is that they enable the herdsman to detect any abnorma 
condition, which may at any time occur in the herd. Often, a cow 
suddenly becomes indisposed. The milk sheet will tell this to the 
herdsman at a glance. Otherwise, the indisposition might go un- 
noticed until it developed into a serious sickness. The daily 
record also serves to call to the attention of the herdsman the 
ability of the different milkers and makes it possible to pick out 


those that are careless and indifferent. 

A fourth reason for the use of a milk sheet is to keep up the 


interest of the milkers. The records of production often add con- 
siderable interest to the othel:^vise monotonous job of milking- 
The milkers and feeders are able to watch the variations on the 
milk sheet and will attempt to feed and milk in such a way th^ 
the production will increase, especially for those cows in whic 


they are especially interested. 



Production Recoids 443 

Equipment Necessary. The equipment needed for keeping 
daily production records is a standard milk scale, a milk sheet, 
and a Babcock milk-testing outfit Besides these, some form of 
permanent record of production should be provided 

Scales or Balances A good scale to use for weighmg milk 
is one m wluch the dial is divided into pounds and tenths This 
style of balance is provided with a pointer winch can be adjusted 
to stand at zero when an ordinary milk pail is hung on it This 
enables the weight of the milk contained m tlie pail to be read 
directly The scale should be hung at some convenient place 
Milk Sheet Close to where the scale is hung, a place for tire 
milk sheet should be provided, so tirat, as soon as the milker ascer- 
tains the weight of the milk, he can easily put it down on the 
milk sheet The milk sheet should be fastened on a firm, smootli 
wall or board especially provided for the purpose Special hold 
ers for sheets have been devised, and are especially valuable if 
they are provided with a movable shield to protect the record 
from being soiled 

Some sheets record the milk producbon for 1 week, but usually 
a monthly sheet is preferred This may vary considerably in 
detail, but Form A is a convenient one Form B shows a sheet 
arranged for 7 days This form is used more often m large or 
experimental herds where die record of production is desired at 
frequent intervals Form A, however, may have spaces for 10 
days' totals, which can be furtlier added so that the montlily total 
can easily be ascertained In the ordinary dairy, the monthly 
sheet witliout 10 days’ total is common These sheets can be 
made m any size to accommodate from 5 to 30 cows The time 
required to weigh the milk and lecord it on the milk sheet need 
not exceed minute * for each cow at each milking, and the 
value of the record obtained is worth that amount of time many 
times over 

Addikg the Milk Sheet By totaling tlie milk produced by 
each cow during the niontli, her monthly production may be se 
cured This, however, where one does not have access to an add 
mg michine, is a tedious task Under such circumstances, it lias 
been found that fairly accurate results may be obtained by add 

" Fanil \fanagctneut, Wanen 
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ing 3 days of the month, say the fiftli, fifteenth, and tiventy-fifth, 
dividing the total by 3. and multiplying this by the number of 
days in the month The days selected should always be well dis 
tnimted throughout the month This will give a very accurate 
monthly yield Even when using this system, however, one 

FORMB 

WEEKLY MILK SHEETS 

A FORM FOR KZEPUhG DAILY MILK RECORDS FOR A FERIOD OF ONE IVEEK 


M Ik Eecord for Week BefiDti "g - - _ _ . ift- Milked hy- - 



Wwk BefUUUBC 19 Pef(. 


should weigh the milk for each milking because of the many 
other advantages which will accrue from tins habit 

Obtaining the Percentage of Fat and Pounds of Fat 
Simples for testing for butterfat should be taken at least once a 
month The sample should represent 24 hours of complete milk- 
ing, and should be taken at fairly regular intervals 

The essential feature in takmg samples of milk for testing is to 
obtain milk which will be representative of the whole lot The 
milk should be thoroughly mixed by pouring from one vessel to 
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another several times, after which the sample should bo taken 
immediately. The sample should be put in a bottle, and a small 
amount of preservative, such as corrosive sublimate or formalin, 
should be added when the samples cannot be tested at once. 

After the samples liave been tested by the Babcock test, the 
percentage of fat m tlie milk is known. Tlie total number of 

FORHC 

FORM FOR KEEPING PERMANENT MILK AND BUTTERFAT 
PRODUCTION OP INDIVIDUAL COWS 



pounds of milk that a certain cow has produced dunng a month, 
multiplied by the percentage of fat m the milk, will give the 
total number of pounds of butterfat which that cow has given 
during the month 

The Permanent Record After the total amounts of milk and 
butterfat for a month have been determined, they should be put 
in a permanent record of some kind. Form C gives an example 
of such a record It will be noted that this form is arranged so 
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that each cow has a page and that the record can be tabulated 
for each lactation period. After the lactation period is finished 
the record can be totaled— not only for the lactation period, but 
also for a yearly record. An individual may also use a regular 
dairy-herd*improvement association book for keeping such rec- 
ords. A page of such a book is shown in Form D. The man 
with a small herd, or the one who is just beginning, may use any 
simple notebook. The main thing is to have some permanent 
place to keep the records so that tliey may be kept in a neat and 
convenient form. 

Method of Calculaunc Herd Averages. Several metliods of 
calculating the herd average are now in use. There is need for a 
standardized method so that whenever the herd average is given 
it will always mean the same thing. 

One method of determining the herd average is on the “cow- 
montli” basis; tliat is, at the close of the year the number of 
months each cow is in the herd during tliat time is determined 
and totaled. The total months is then divided by 12. For ex- 
ample, if an individual owner has 10 cows in the herd for the 
entire 12 months, 1 cow for 8 months, 1 cow for 6 months, 2 cows 
for 5 months, 3 cows for 3 months, and 3 cows for 1 month, this 
gives a total of 156 cow-months. This 156 cow-months, divided 
by 12, gives 13, or the average number of cows in the herd for 
the year. The total production of the entire herd is then com- 
puted, and this figure, divided by 13, gives the average herd 
production for the year. This is the standard dairy-herd-improve- 
ment association method. 

Tliis method has the disadvantage that it permits a man, by 
buying and selling cows, to jockey his herd so that only heavy- 
milking cows are kept in the herd. It might be possible to secure 
a herd average that was greater than that of any individual cow 
in the herd. Of course such cases would be very few, and with 
the publication of the records one can detect such manipulation. 

A second method commonly used is to count in the herd aver- 
ages only such cows as have been in the herd for 10 months or 
more. Tlie other cows are listed, but are not considered in the 
herd average. Table LXX illustrates the two methods. 



448 





Production Records 


449 



by wljicb the cows were in for 10 months or more was considered, 
there were 10 cows which had an average production of 9084.7 
pounds of milk 336.12 pounds of butterfat. This method is used 
by some of the breed associations for calculating lierd-improve- 
ment registry records. 
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TABLE L\K 

Caix:ul.vtlng the Hehd Average of a Herd of Paibit Co«s 

Production of 



Uays 

m 

Mdk, Butterfat, 

Number of Cow 

Herd 

pounds (. 

pounds 

1 

365 

10,217 

408 8 

2 

365 

10,069 

3o7 9 

3 

365 

6,452 

2o7 7 

4 

365 

7,720 

307 9 


365 

8,612 

294 8 

0 

365 

9,027 

296 7 

7 

36j 

11,199 

439 1 

8 

335 

ll,7o8 

415 9 

0 

3i. 

9,468 

345 7 

10 

305 

6,319 

237 4 

Averaee of 10 cows m herd 

303 or more days 


9,084 7 

330 s 

11 

340 

5 367 

217 G 

li 

180 

3,449 

101 4 

13 

130 

4,008 

no 2 

14 

02 

3,210 

102 0 

13 

30 

OBO 

37 3 

Average of 139 cow months. 

or 11 0 cows per year 


0,298 3 

338 8 


Feeding Records 

To Vnow how much profit a cow is malving, it is necessary to 
Lnow not only the production of the cow but also tlie amount o 
feed that she has consumed It is also necessary, especially m 
large herds, to liave some form on which to put down the amount 
of feed tliat each cow should rccei\e It is almost impossible for 
any individual to remember the amount of feed that should be 
given to each individual cow Usually, such a record should be 
cliangt'd at weekly intervals but sometimes it is arranged to run 
for 10 days or even 2 weeks Form E is one that has been used 
successfully This should be filled out accordmg to tlie produc- 
tion of the individual cows and should be fastened to the feed 
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cart or near the feed bin The amount of gram given on the 
sheet should be carefully weighed it each feeding The rough 
age need not be weighed at each feeding but should be weighed 
at least once a month so that some idea of the amount will be 
obtained 

FORME 

A BIMONTHLY FEED SHEET 



It IS a good plan to number each definite gram mucture that has 
been fed to the herd A permanent recoid of these mixtures 
should tlien be kept so that the number of the mix may be put 
on the feed sheet In tins way a definite record will always be 
kept 

At tlie end of the month Uie amount of feed consumed may be 
totaled and put m a pennanent record as shown m Form F Such 
records are sometimes kept in the regular dairy herd improve 
ment association book along with the milk records as shown m 
Fonn D At the end of tlie year the total cost of the feed which 
each indwidual cow has consumed can easily be calculated 
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Calf feeding requires a somewhat different form, smce calves 
are fed whole milk, slum milk, gram, and hay. These can easdy 
be made to confonn to the conditaons 



Breeding Records 

E\ery cow should be given several weeks of rest before fresh* 
enmg, m order that she may be in shape for her best production 
before the next lactation Unless the exact date that each cow is 
due is known, some cows will be milked too long and others will 
be turned dry too soon it is also important to know the exact 
dale of freshening so that the cow may be fed and cared for 
properly before and at the time of freshening. It is very im- 
portant, then, that a breeding record of some sort be kept. 

Smce the herdsman does not always keep the books, it is some- 
times necessary to luve him report m order to get the necessary 
information on record His report should be simple but complete. 
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rOKM G 

A rOBM rOB HERDSiM,Uf REPORT 


Gallons of milk shipped 

Teed Ground and JIixed 


Mixture Amount 


Date 


105 _ 


liliLK. Ted to C\lves 


Number 

Calves 

Lbs Ted 

Whole Milk 

Skim Milk 


Cows IV Heat 


Breedino Record 

Name No Sire Used Artificial 


Cadving Record 

Sex eight Herd Normal 

Name of Cow ol Calf of Calf Number Calving 


Animais Treated 

Name Diagnosis Treatment 


Name 


AxmAiA Sold 


Purchaser 


Remarks 


Signed 


Herdsman 
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Form G IS one that can be nsed snccessfuUy 
should put down at once the date, the cow bred ^ 

which she has been bred This report should then be hept m 
safe place until it can be entered m a permanent record 


FORMH 

FORM FOR KEEPn^G BREEDING RECORD OF THE HERD 



A satisfactory method is to ha\e the herdsman’s report o 
bound in pads contairung 62 sheets Alternate sheets may 
perforated and carbon sheets used to mahe duplicate ^ 

One copy may be kept at the bam and the other taken to 
office or house for transfer to permanent records ^ 

Form H is for the permanent record This form also 
place for the date of birth of the calf its sex eight, name an 
disposal The reverse side of the sheet can be provide 
pedigree and identification marks to be used especially m piir® 
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bred herds. This is shown in Form I. It is well to put in the 
breeding record each breeding date so that it can be seen when 
a cow is a slow breeder or when she becomes sterile. 

This form of record, though important with grades, is almost 

rouMi 

PEDIGREE BUUOC POR HERD BOOK 


PedigTM of — ILfiL 

Q«U of Birth Breed 



necessary where purebreds are kept, as breed associations require 
the date on which the animal was bred, when registering it. As 
soon as a purebred calf is bom, it is necessary to take the requisite 
steps to have it registered. 

Health Records 

It is often desirable to have a record of the health of the cows 
in tile herd. This may be included in tlie herdsman’s report and 
can become a part of the permanent record, as shown in Form J. 
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This includes a place for the tuberculosis test, the abortion 
and the general health Often, by a study of the health record of 
an animal, the reason for an unexpected result may be found- 


FORM J 

FORM FOR KEEPING A HEALTH RECORD OF THE D»DIVIDUAL COW 
HtrfSa., Bmd 



Crm\th and Weight Record 

It IS often ad\antageous especially with >oung animals, to 
keep a record of growth, This may consist of the weight of the 
animal or its height at withers or both By this means one can 
toll whether an animal is growing DOrmall> With mature am 
mals, the weight is of more importance If the animal is below 
w eight, she can be fed so that she \vill return to normaL The best 
place to keep such a record is with the feed record, as shown m 
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Form F. Such records are essential in research work at e\pen- 
ment stations. 

Inventory 

Of all the records kept on tlie farm the inventory is the most 
valuable from the standpoint of keeping posted concerning the 
profits In tile case of fire or loss in any other way of animals or 
apparatus, an inventory is often of great assistance. The in- 
ventory, together with the bank balances at the beginning and 
end of any period, is suiEcient information from which to calcu- 
late the profits 

For tlie inventory, a sheet witli the items at the left side of the 
paper and several columns at the nglit is a good form Opposite 
each Item is placed the number or quantity of times, and in the 
first column, its value The different columns are used for con- 
secutive years Such a sheet shows at a glance the relative value 
of each item year by year. 


Securing Poduction Records through Organizations 

Production records are a necessity in herds where improve- 
ment is desired The breeding of dairy animals is dependent 
upon a knowledge of tlie production of the cows in the herd 
There are three common kinds of records, namely, the dairy herd 
improvement association, the advanced registry, and the herd 
improvement registry The first is used by breeders of grade 
and purebred herds The other two methods are conducted by 
the various breed associations and are used only by puiebied 
breeders 


Dairy Herd Improvement Association 

Although tlie indwidual dairyman, by using the method out- 
lined in the previous part of this chapter, can successfully keep 
production records on his own herd, tins has not been a general 
practice, because on most dairy farms other work mterferes 
with systematic and regular keeping of records In certain sea- 
sons of the >ear, especially during harvest, the testing is very 
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likely to be neglected and the work will go undone TurUitr 
more the testing and the keeping of records entail a considerable 
amount of calculation and usually it will be put off until it be 
comes so great a task that it is never done For these reasons 
many dairymen prefer to have the work done for them, and 
therefore tlie dairy herd improvement associations have been 
dev eloped 

History of Cooperative Cow Tcslmg Tlie first cow testing 
association was organized m 1895 in Denmark where the pro- 
gram rapidly grew m popularity It spread tliroughout Den 
mark and other northern European countries until hundreds of 
such associations were formed It has been stated that these 
associations more than anything else arc responsible for the rapid 
development of dauying and the improvement of the dairy cows 
in these countries 

The first cooperative cow testing associabon in this country 
was started m Fremont Michigan m 1905 Helmer Babild was 
largely instrumental m getting (his association started and was 
its first tester Tlie number of these associations later renamed 
dairy herd improvement associations has grown quite rapidly 
and m 1052 there were 2109 associations m the United States 
These associations were made up of 1 166,297 cows in 40 105 
herds 

Method of Organization The dairy herd improvement asso- 
ciation as ordinarily conducted in this country is an organization 
of about twenty six dairymen who cooperatively employ a trained 
man to keep a milk production record of their cows and to test 
them for production of butierfat As a supervisor can ordinarily 
supervise only one herd a day the twenty six dairy herds furnish 
employment for each workmg day m the month 

The cost of conducting such tests vanes considerably In 
some places the cost is based upon the number of cows that a 
man has to test in others it is on a per diem basis The dairy 
man usually furnishes room and board for the supervisor while 
he IS at the farm 

The Supervisor and His Duties The man employed to make 
the tests is called the supervisor of the association Upon his per 
sonality and ability the success of the association largely de 
pends He should be a man who is congenial and trustworthy 
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he should know how to compute tlie cheapest and best rations 
for a particular locality. He must know how to test accurately 
for butterfat and be able to keep correct records. Above all, he 
must be industrious, accurate, and neat. The job is not an easy 
one, if it is well done. A good supervisor will do more than 
simply give a man a record on the cows in his herd. 

Routine of Supervisor. The supervisor arrives at the farm, 
usually before the evening milking. He weighs the grain and 
the roughage given to each cow and also the milk produced by 
each. These weights are recorded, and a sample of milk from 
each individual cow is taken and put away until the following 
morning. The next morning he again weighs the feed and milk, 
and takes another sample of milk. These two samples are com- 
bined and are tested for butterfat. The data are then recorded, 
and the record of production for the month is calculated for each 
cow, this one day being used as the average. This is recorded 
in the dairy-herd-improvement association’s book furnished by 
the Bureau of Dairying, United States Department of Agricul- 
ture which contains a page for each cow. The supervisor makes 
suggestions for the improvement of the feeding of the herd and 
gives any other assistance that seems advisable as a result of his 
observations. 

With tile record of production and feed for one day repeated 
each month, the supervisor at the end of tlie year can furnish 
much information about each cow. The amount of milk and fat 
produced during the year, the amount of feed eaten, its cost, and 
also the returns from each animal are computed, as well as the 
cost of producing 100 pounds of milk, the return for each dollar’s 
worth of feed, and the profit or loss above feed cost. 

Number of Cows Tested. Although this method of testing is 
being adopted quite rapidly, yet only a small percentage of the 
cows in tlie country are being tested. Less than 5 per cent of 
the milk cows in the United States are now under test. In Cali- 
fornia tlie percentage is as high as 22, but in many of the states 
less than 2 per cent are being tested. About 12 per cent of all 
herds of 15 cows or more in the United States are now being 
tested. 

Value of Cooperative Testing. Besides the great importance of 
knowing the production of each cx>\\, the richness of her milk. 
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and the amount of feed she eats to produce it, there are a num- 
ber of other reasons why dairj'mcn should cooperate. In general, 
the best herds and the most prosperous dairies are in localities 
^vhere the farmers have cooperated and Avhere there arc many 
breeders of good animals in the same community. The dairy 
herd improvement associab'on enables neighbors to soKe their 
problems and dilSculUes together. Where there is such an asso- 
ciation, it is easier to select cows for what they are worth than 
in communities where records are not IccpL 
The following are main reasons why dairy herd improvement 
associations are valuable. 

1. The ‘Tjoarder” or unprofitable cow can be located and dis- 
carded. After studying many thousand records, the United 
States Department of Agriculture Bureau of Dairying has found 
that about one-third of all the cows in the United States are kept 
at a loss, another one-third just about pay for their keep, and the 
other one-third gise a profit to their owners. If the third that 
is being kept at a loss could be discarded, the daiiymen would 
greatly benefit 

2. Calves for replacement can be kept from the highest-pro- 
ducing cows. Unless a dairy-man has production records on his 
cows he does not has e a sound basis for selecting herd replace- 
ments. It is next to impossible, by looking at a cow, to tell what 
her production will be. Improvement of the herd depends upon 
keeping calves from the best cows in the herd. 

•3. Bulls can be proi-ed. One of the greatest benefits from test- 
ing continuously is the proving of bulls. The records are sent 
to the Bureau of Dairying where they are tabulated, and in this 
way many bulls are proved. In 19-50, 2817 bulls were proved 
by this method. Of course, many of these bulls were dead be- 
fore being proved, but a ^stem has been devised whereby the 
animals in the herds of the association members are given an 
eartag with a number, so that they can be identified at any 
time. The records of cows are reported as soon as made, so 
that the time required for the proving of sires will be much 
lessened. 

■L The value of the herd will be increased. Cows with records 
invariably sell for a better price rhnn those without records, be- 
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cause a buyer can know just about wbat to expect from the cows 
he buys 

5 The herds will improve Men m dairy herd improvement 
associations mvariably will feed their herds a little better and 
give them better care if they become interested in records This 
IS shown by the fact that cows in dauy herd-improvement asso- 
ciation work produce almost twice as much as tlie average cow 
m the United States 

6 Community interest m better livestock is aroused Often, 
a dairy herd improvement association will result m a widespread 
interest m livestock, which may bring about improvement m 
many ways 


Advanced Registry Testing 

When the breed associations were started, the fact that a pure 
bred animal was registered was considered as evidence of 
supenonty However, after several years of registering m this 
manner, it became apparent that the law of variation operated 
in purebred herds just as it did m grade or scrub herds The 
result was tliat the associations registered many mfenor animals 
Also, at tliat time many large private records were reported by 
vanous breeders, but the word of the breeders was the only 
check on their accuracy For these reasons the vanous breed 
associations evolved a production testing program based upon 
tile individual ments of the cow and on making the records offi- 
cial by having them supervised by some disinterested party 
Tile first of these systems in tlus country was established by 
tile Holstein Friesian Association of Amenca m 1885 The other 
breed associations, seeing its possibilities, soon organized sys- 
tems of tlieir osvn the Amencan Guernsey Cattle Club in 1901, 
the Ayrshire Breeders’ Association in 1902, and the American 
Jersey Cattle Club in 1903 The last named association called 
their registry the Register of Merit, tlie others are called Ad 
\anced Registry Later, the Brown Swiss Breeders’ Association 
organized a Register of Production, the Milking Sliortliorn 
Breeders’ Society, i Record of Mcnt, and the Red Polled and 
Dutch Belted, an Advanced Register These are all conducted 
m very mucli the same manner and differ only m name Be 
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cause of the cost of ntatog these tests, the growth of such 

cattfe for the 

Ltter prices unless they or their ancestry have J 

in the Advanced Registry or Herd Improvement test, or are 

T:L'“¥:r“errart:r apphed m A^anc^a 

=earghXr:;s= -rrjpVr^ 

srm Fnes.an®AsLiat.on, die term “officer . used when a test 
has been checked or supervised by “ *iy 

puipose With the HoUtein Fnesian Assocuit.on >“'vev“^ J 
die records made while the supervisor is present arc ^ , 

cal, those tests made at mtervals bemg taown as scmiofEOT 
Tests are aUo classified by the length goS-day, 

contmue For instance, there have been 7 day, aay, 3 d 7 
and yearly tests The 305 day tests and some of the “ 
have a calvmg requirement The short hme tests are no longer 
conducted The 303 day test with a calf within 14 months is 
most popular at the present time , , , . day 

With the long tune tests, the supervised period is tor a j 
each month, preceded by a prelimmary f” obse^ 

to see that the cow is milked dry and to establish a 
pomt The fat test durmg this penod forms the teis for 
lahng the fat production, and the weights of milk are use 
check the weights obtained by the oivner The owners 
are used and should be m reasonable agreement with the we gi 
reported by the supervisor . . the 

The Supervision of Tests. In order to make the tests o 
various associations of equal value to the pubhc, all tests wi ^ 
the state are supervised by the state agncultural coUege 
breeder desires to test he should first get m touch wi 
breed association and then with the dairy department o 
state agncultural college, who wdl send a tester to supers 

the test inees 

AnvAN-TACES op Advaacoi RECismY Testiag The atlsan g 
of Advanced Registry testmg are much the same as or o 



Advanced Registry Testing 463 

forms of testmg as already discussed It has the further ad- 
vantage, however, that tlie records of the individual cow are 
published m breed journals and m herd books which may be 
made available to all breeders 

Disadvantages of Advanced Registry Testing One of tlie 
chief disadvantages of Advanced Registry testmg is that it en 
courages mdividual records rather tlian herd averages Some 
purebred breeders put only their best cows on test They then 
give these the best of care and attention in order to get the 
largest possible production The poorer cows in the herd are not 
tested By this means the breeder sometimes builds up a repu- 
tation for his herd with the records of a few outstanding animals 
A certain hull may also gam a reputation \vith a few high pro 
ducing daughters, though perhaps many of lus daughters have 
not been tested, and if tested could not meet the Advanced Reg- 
istry requirements 

It encourages the use of selected records A selected record, 
one high record made under excellent conditions, often tells 
little as to tlie real producing abihty of an animal 
Another disadvantage of Advanced Registry testing is that 
often, in order to secure the largest production possible from 
individual cows, they are not bred until late in die period of 
lactation In many cases the result is that the cow cannot be 
bred successfully again, and, hence, is lost to the breed This 
practice has been lessened by the encouragement of the 303 day 
test With a calving requirement Advanced registry is an ex 
pensive method of testing The smaller breeders could not af 
ford to test, and when they did test they could not afford to give 
the animals tlie care and treatment which was possible by wealthy 
breeders For these reasons. Advanced Registry tesUng did not 
reach as many people as it should The expense was increased 
m many cases by the ovtrzealous supervision required to prevent 
fraud This objection Ins been lessened by the reduction of the 
length of the test from 2 days with preliminary milking to 1 day 
with preliminary milking, and to tlic bimonthly testing m some 
casts 

Ullation mmiEEN Ace and Fat Phoduchon in Advwced 
Rlcisiiu ItECOHDs It lus long been observed that milk and but- 
lerfat production gradually increase as the dairy cow matures 
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and then gradnally decrease svith the onset of old ‘‘S®- 

IS expected to increase in production with each succeeding 

tation until she reaches maturity The breeds 

merease at quite the same rate, nor do they reach maturity 

the same age 

TABLE LXXI 

AOE-COVIHISION FiCiona Used by tue Bbeed Associaiiovs 
Factor 


Age, 
Years 
Under 2 
Jr 2 
Sr. 2 
Jr. 3 
Sr. 3 
Jr. 4 
Sr 4 
5 
0 

7 

8 
9 
10 

11 or o\er 


Aj-rshire * 

1 338 
1 250 
1 170 
1 127 
I 082 
1 OW 
1 028 
1 007 
I 000 
1 000 
1 OH 
1 024 
I 040 
1 070 t 


Brown 
Swiss * 

1 508 
1 400 
1 343 
I 241 
1 ICG 
1 112 
1 070 
1 028 
1 000 
1 000 
I 000 
1 012 
1 048 
1 09Ct 


Guern- 
sey t 

1 25 
1 20 
1 16 
1 10 
1 07 
1 03 
1 00 


1 25 
1 20 
1 15 
1 10 
1 07 
1 05 
1 02 
1 00 
1 00 
1 00 
1 00 
1 03 
1 05 


Jerse} * 
1 SO 
1 20 
1 19 

1 13 
1 08 
1 05 
1 03 
1 01 
1 00 
1 01 
1 04 
1 08 
1 12 


• Mid point figures for 0 months used , , opno<l 

t Based on 3 \erage milk production by classes for 5>ear i 
1043-48 

t Factors continue to merease abo\e 11 jears 

Table LXXI gives the age conversion factors that are 
by the different breed associabons for com erting records ma e a 
\anous ages to a mature equivalent basis Factors used by e 
Bureau of Dairy Industry for provmg sires are given m Chap e 
22 . 


Herd Improvement Registry 

In order to overcome some of the disadvantages of the A^ 
vanced Registry test and to increase the number of 
tested, the Ayrshire Breeders’ Association started, in 192o, a es^ 
known as the Herd Test, which gives promise of being a succe 
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ful means of raising the herd averages. The Hoistein-Friesian 
Association adopted a similar test in 1927, called tlie Herd Im- 
provement Registry, and the other breed associations soon fol- 
lowed. 

The primary purpose of the Herd Test or Herd Improvement 
Registry is to obtain records on the entire herd for the purpose 
of making definite herd improvement. It permits of the testing 
of more cattle at a lower cost. It also permits the closer culling 
of herds and the early identification of superior sires. It gives 
an official herd average in all associations, except the Guernsey 
and the Brown Swiss. 

Metliod of Test. The test is conducted by the same super- 
visors who conduct the Advanced Registry test, and in most states 
the supervisors employed by the Dairy Herd Improvement Asso- 
ciation are also permitted to do the testing. The work is super- 
vised by the state agricultural colleges, in the same way as Ad- 
vanced Registry testing. The length of test is 1 day per month 
without preliminary milking, or, in some of the breeds, 1 day 
every other month with a preliminary milking is permitted. All 
purebred cows in the herd must be tested, and they can be 
milked either 2 or 3 times per day. Composite milk samples are 
used, the same as in dairy herd improvement associations. 

Reports are sent montlily to the breed associations and at the 
end of the year a full report is given to the owner. This in- 
cludes the production of each cow in the herd and the herd aver- 
age, as computed by tl\e methods described previously. The 
Guernsey and Brown Swiss Associations give only the produc- 
tion of the cows and not the herd average. From these data tlie 
production of the daughters of individual sires can be computed. 

This type of test has become a popular type of testing among 
purebred breeders. More animals are being tested than ever be- 
fore. It has given impetus to the proving of sires and to the in- 
creased production of the herds. It has resulted in great im- 
provement in the dairy breeds. 

REFERENCES FOR FURTHER STUDY 

1. McDowell, Dauy Herd ImproNcincut Associations and Stories tiio 
Records Tell, US.Du\. Fanner* BuL 100-1 (1029). 
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and then gradnaUy decrease with the onset of old age A hefc 
,s expected to increase in production with each succeeding 
ration until she reaches matunty The breeds <1“ “ 

mcrease at quite the same rate, nor do they reach matunty 
the same age 

TABLE LXXI 


AcE-Co-iVEiislos Factous Used ar tue Bueed ,Issociatioxs 
Factor 


Age 

Years 


Drown 

Guem 

Ayrshire * 

Swiss • 

sey t 

Under 2 

1 338 

1 5C8 

1 25 

Jr 2 

1 2a0 

1 4C9 

Sr. 2 

1 no 

1 343 

1 20 

Jr 3 

1 127 

1 241 

1 10 

Sr. 3 

1 082 

1 m 

1 10 

Jr. 4 

1 040 

1 112 

1 07 

Sr 4 

1 028 

1 070 

1 03 

5 

1 007 

1 028 

1 00 

6 

1 000 

1 OOG 


7 

1 000 

1 000 


8 

1 012 

1 000 


9 

1 024 

1 012 


10 

1 04G 

1 048 


11 or over 

1 070 t 

1 09Ct 



Holstein 


1 25 
1 20 
1 lo 
1 10 
1 07 
1 05 
1 02 
1 00 
1 00 
1 00 
1 00 
1 03 
1 Oo 


Jersey * 
1 30 
1 20 
1 19 
1 13 
I OS 

1 0c> 

1 03 
1 01 
1 00 
1 01 
1 04 
1 08 
1 12 


* Alid point figures for C months used 
t Based on a\erage milk production by classes for 
1943-48 

X Factors continue to increase aboie 11 >ears 


j jear penod 


Table LXXI gi\es the age conversion factors that are ^ ^ 
by the different breed associations for converting records ma 
\anous ages to a mature erjuiNalent basis Factors used y 
Bureau of Dairy Industry for proving sires are given m C p ^ 


22 


Herd Improvement Registry 

In order lo overcome some of the disadvantages of the Ad 
\anced Registry test and to increase the number 
tested, the Ayrshire Breeders Association started, in 19‘-o, a 
known as the Herd Test, which gives promise of being a succe 
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ful means of raising the herd averages The Hoistein-Friesian 
Association adopted a similar test in 1927, called the Herd Im- 
provement Registry, and the other breed associations soon fol- 
lowed 

The primary purpose of the Herd Test or Herd Improvement 
Registry is to obtain records on the entire herd for the purpose 
of mahing definite herd improvement It permits of the testing 
of more cattle at a lower cost It also permits the closer culling 
of herds and the early identification of superior sires It gives 
an official herd average m all associations, except the Guernsey 
and the Brown Swiss 


Metliod of Test. The test is conducted by the same super- 
visors who conduct the Advanced Registry test, and in most states 
the supervisors employed by the Dairy Herd Improvement Asso- 
ciation are also permitted to do the testing The work is super 
vised by the state agricultural colleges, in the same way as Ad 
vanced Registry testing The length of test is 1 day per month 
without preliminary milking, or, in some of the breeds, 1 day 
every other month with a preliminary milking is permitted All 
purebred cows in the herd must be tested, and they can be 
milked either 2 or 3 times per day Composite milk samples are 
used, tile same as m dairy herd improvement associations 


Reports are sent monthly to the breed associations and at the 
end of the year a full report is given to the owner This m 
eludes the production of each cow m the herd and the herd aver 


age, as computed by the methods described 


Guernsey and Brown Swiss Associations Hive nnlv 7^^ 

tion of the cows and not the herd average FrZV 
production of the daughters of individual sires can 
Tins type of test has become a popular type of 
purebred breeders More animals are being tested tb» ® 
fore It has given impetus to the nrovintr nf 
creased production of the herds It has reslTted'*'"^ ™ 

provement m the dairy breeds great im 
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Programs of tire Breed 
Registry Associations 


All recognized breeds have a breed registry association that 
looks after tlie interest of the breed they represent. The mem- 
bers of these associations are tlie owners of cattle of the breed, 
who have joined the association and paid their fees. To become 
a member a breeder must be approved by other members or 
business men. This membership gives the member a voice in 
the operation of die association, and permits him to register and 
transfer his animals at a reduced fee. Table LXXII gives the 

TABLE LXXn 

Breed Association Memdersuip, Fee, and Nuiiber or .fUiiMALS 
Registered in 1050 



Number of 


Number of 


Association 

Life- 

Animals 


Members 

Member- 

Registered 

Breed 

(15>50) 

ship Fee 

(1950) 

Ayrshire 

8,167 

$25 

24,236 

Brown Swiss 

2,746 

25 

22,702 

Guernsey 

3,956 

50 

94,901 

IIolsteia-Friesiaa 

41,110 

25 

184,246 

Jersey 

3,610 

50 

70,110 


number of members, the life-membership fee, and the number 
of animals registered during 1950 for tlie five dairy breeds asso- 
ciations. 

Each association holds an annual meeting where the members 
have the opportunity and responsibility of helping to determine 
the policies of the association. Members of the Holstein-Friesian 
dissociation are represented at tHe annual meeting by delegates 
from each state. These delegates are elected by the members in 
467 
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the stale, and the number is bas«J on the number of members 
m the state In the other associations, the member may attend, 
or, if he IS not able to attend, he may be represented by proxy 
through some member in attendance 

At the annual meetmg, a board of directors is elected and Uus 
board of directors operates the association through an execubse 
secretary and his staff The associations must have an adequate 
building to keep the records and house the staff This building 
must be equipped with fireproof vaults so that m case of fire the 
valuable records would be preserved The follovvmg are e 
official names and the locations of the various assoaabons, with 
the name of the executive secretanes 

The American Guernsey Cattle Club, Peterborough, a cw 
H ampshire, Robert D Stewart, Secretary 
The Amencan Jersey Cattle Club, Columbus, Ohio, James 
Cavanaugh. Executive Secretary 

The A)Tsbire Breeders Assoaabon, Brandon, Vermont, David 
Gibson, Jr , Secretary 

The Brown Swiss Cattle Breeders Association, Beloit, Wiscon 
sin, Fred S Idtse, Secretary 

The Holstein Friesian Assoaation of America, Brattleboro, 


Vermont, Robert Rumler, Executive Secretary 

Purpose of the Breed Association. The purposes of the bree 
associations are (a) to preserve the punty of the breed, (b) to 
improve the breed m type and m production, and (c) to adver 
lise and promote the breed. Although these purposes of the 
association are fairly specific there is some ov erlappmg and it 
may be difficult to know where one purpose begins and another 
Icav es off For example if the production and type of a breed 
are mcreased these factors in themselves will go a long wav 


toward advertising and promoting the breed. 

(a) PimsmvxNC the Purttv of the Breed Preserving the 
punty of the breed was the pnmc object m the imlial organiza 
tion of the associations In fact, durmg the early years it was 
about the only thing that was done Rules and regulations on 
registration of purebred animals were formulated, and today c 
Bse dairy breed associations have quite similar requirements for 
the registration of animals Color markings or photograplis aro 
rertuued for identification by the AyTshire, Guernsey, and Ho 
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stein-Fnesian Associations, whereas the Jersey and Brown Swiss 
Associations require that all aimnals have a tattoo in the ear for 
identification The Brown Swiss and Holstein-Friesian Associa- 
tions have certain color marking requirements for an animal to 
be eligible for registration The application for registry must be 
filled out by the breeder or his representative and mailed to the 
association office 

The association then issues a registry certificate for each ani- 
mal accepted These certificates give the name of tlie animal, 
its registration, number, its birth date, the name of the breeder 
and owner, its identification, its sire and dam, and some of the 
associations give additional mformation A registration certifi- 
cate is sent to the owner of the animal 

Transfer of Ownership When a registered animal is sold to 
another breeder, tl\e change of ownership must be recorded 
with the breed association m order to show proper title to the 
new owner An applicahon for transfer is filled out by the 
seller, which, together with the registration certificate, is sent 
to the association office The change of ownership is made on 
the registration certificate 

Herd Registry Books The dairy breed associations at first 
published herd registry books which listed every animal that had 
been registered, with its name and number together with the 
name and number of its sire and dam Because of the expense 
involved m publishing these books all the associations, with the 
exception of the Holstein Friesian and the Brown Swiss, have 
discontinued the publication of the herd registry books Tbe 
records are kept on file m the association office, and whenever 
a detailed pedigree is required it can be obtamed from the 
association 

When it IS realized that the total number of animals registered 
to date with the breed associations runs well into the milhons in 
some of the breeds, the magnitude of the job of keeping these 
records can be seen However, the hfe of the purebred dairy 
breeds depends on the keeping of these records This, then, is 
the first and probably the most important duty of the breed 
association— preservmg the purity of the breed 

(b) ImphovusCtue Breei) Of course, the association members 
being breeders of dairy cattle soon became mterested in methods 



470 Programs of the Breed Registry Associations 

of improving tlieir breed The fact that their cattle were reg- 
istered and thus were considered purebred was not enough, the 
breeds had to be improving 

Production Testing The mere registration of an animal was 
not sufBcient to insure improvement m the breed Therefore, the 
early breeders conceived the idea of a system of testing for 
production, wherein the animals would be put m an advanced 
registry if they produced the required amount of milh and fat 
The breed associations started a program to certify the authentic- 
ity of the records Tliey called it the official testing program, 
and it IS now conducted under the unified Rules for Official Test- 
ing as adopted by the Purebred Dairy Cattle Association and 
the American Dairy Science Association In each state, someone 
m the dairy husbandry department of the state agricultural col 
lege IS named as superintendent of official testing for that state 
He has the responsibility of seeing that the animals entered on 
official test are tested at stated intervals To do this, be appoints 
official testing supervisors who visit the farms, weigh the mil^. 
and test a sample of milk from each cow on test He then pre 
pares a report and sends it to the stale superintendent who, m 
turn, after checking the record, sends it to the breed association, 
where it is further checked and recorded 

There are two divisions of the official testmg program, the Ad 
vanced Registry and the Herd Improvement Registry, as given 
m Chapter 27 

PubUccUon of Records The records are published in a suit 
able publication by the various breed associations These publi- 
cations arc available and can be used m many ways, such as 
determining the value of sues or dams, the writing of pedigrees, 
and in the selecting of breeding slock. 

Improving the Type of the Breed. The breed associations have 
always been alert to improve the type of their breed 

Scale of Points or Score Card Early m the history of the v an- 
ous dairy breed associations, a s«)re card, or scale of points, was 
developed The purpose was to establish a standard of perfection 
by which animals could be compared and thus to set a goal to- 
ward which breeders could strive In these score cards two ob- 
jects vs ere kept m mind, one to include tiiose quahtics tliat indi- 
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cate utility as producers and the other to preserve characteristics 
peculiar to the breed 

At first there was some criticism that the score card put too 
much emphasis on fancy requirements and that these sometimes 
outweighed the more practical features of the animal Gow * 
makes tlie following statement^ “To breed for utility alone, dis- 
regarding the different races, would eventually obliterate dis- 
tinct breeds, and, while the attainment of greater production 
would be an uncertainty, tlie procedure certainly would reduce 
all cattle to a dead level of uniformity and standardization 
This may be the tendency of the present age, but the aesthetic 
sense is still strong in humanity, and no association of breeders 
has as yet thrown its score card m the discard ” 

Through the influence of the Pure Bred Dairy Cattle Associa- 
tion, the breed associations have adopted a uniform score card 
This card is uniform for all breeds, with the exception that certain 
requirements are listed for each breed different from tliose of the 
other breeds 

True-Type Models and Pictures Most of tlie breed associa- 
tions have attempted by painting or by model or both to prepare 
a representative of the true type of their breed These true type 
models or pictures, even better than the score card, give tlie 
breeders an ideal toward which tliey should strive to develop the 
animals in their herds 

Dairy Cattle Shows The breed associations have always en 
couraged the showing of cattle at parish, county, state, and na 
tional shows Each of the breed associations selects a dairy show 
each year and designates it as their national breed show When 
the National Dairy Exposition was in operation, it was the na 
tional show foi all breeds Since its discontinuance, different 
shows have been so designated Some of the associations select 
one show and others select a list of approved shows The asso- 
ciations have a list of approved judges, one of whom is selected 
to be the judge for their breed at the approved fairs These 
shows are a help m establishing and maintammg the true type 
Here, breeders have an opportunity to compare their animals 
With others of the same breed 

• The Jersey, Cow, p 142 
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Type Classification. Since many breeders do not 
cattle at fairs becanse of fear of disease or lack of time and labor 
the associations started a system of herd classification " “ 
classifier comes to the farm and classifies for type or c 
tion each milking animal m the herd The animals are nsually 
not especially fitted and are m all stages of lactation 

Cto/lers The classifiers are selected by the association fmrn 
Its hst of approved judges They are 

know breed type and the score card thoroughly and ate p 
enced dairy cattle men , 

Classification Volunlanj The owner may have his herd cms 
Bed hy applying to his breed association tor the 
classifier It is entirely voluntary If he choose to classify he 
must present for classification all purebred females *at h 
freshened and have not previously been classified If 
been previously classified, he may present them for 
hon if he chooses to do so Some breed associations «““s y 
animals that are in the higher groups All 
the Guernsey also require the classification of bulls over 
ages and the Ayrshire Association permits the classification 
heifers if the breeder so desires j to 

Classificatton Procedure The animals are rated accoramg 
the score card and placed in one of the foUowing catego^s 
excellent, very good, good plus, good, fair, and poor e 
Guernsey Association calls the good plus animals, desun e, a 
the good animals, acceptable Table LXXIIl gives tim nomen 
clature, score, and other data on classification by breeds 


T\BLE LVOII 


NoMENCi-vn,nE, Score, A^D Otiieb Datx on Ci.assification bt Bbee 



Score of Points 


Excellent 
\cr> good 

Gcxxl plus or desirable 
Good or acceptable 
tair 

I’oor 

VjTshire. 

Guernsey, 

A Jersey 

90 and alraxe 
85-90 
80-85 
75-80 
70-75 
Lnder 70 

Brown 

Swiss 

90 and abo^ e 
85-90 

80-85 

70-80 
GO-70 
biiiler CO 

Ilokleio 

90 and abo^e 
8,h-90 
80-85 
7.r-80 
C5-75 
Lnder C-J 
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Most of the associations use a breakdown score card, in which 
a detailed rating of each of tlie main divisions of the score card 
is made on each animal. The following is the type of report 
used by the Brown Swiss Association. 


No 


General Appearance 

Dairy 
i Char* 

1 acter 
Habng 

Body 

Capac- 

ity 

naiing 

Mammary System 

Comments 

cation 

Rating 

Rating 

Subratinsa 

Rating 

Subrating 

Legs X 
Feet 

H«.,p 

Fore U. 

1 Rear U 


























































This breakdown shows the weakness and strong points of the 
animals classified and is a great aid in eliminating weak points 
in a herd and in the selection of bulls to in^prove the type of a 
herd. 

(c) To Advertise and Promote the Breed. The breed asso- 
ciations have the task of advertising and promoting their breed. 
The testing and the type programs ate often ideal for helping 
in this work. Special awards and programs have been started 
by the various associations to advertise and promote the breed. 


Special Programs and Awards 

Constructive or Progressive Breeders' Award. Three of the 
breed associations give a constructive or progressive breeders’ 
award to those of tlieir members whose herds meet certain re- 
quirements. Table LXXIV gives die requirements of the three 
associations, Ayrshire, Jersey, and Holstein-Friesian. The first 
two of these are called tlie Constructive Breeders Award, and 
the Holstein-Friesian calls tlieirs the Progressive Breeders Award. 





* CoDTef ted to 2i M E. 

t E thee ecaedited or uoder feder»l ituJ *uu eoouot progr»m. 

This IS the highest honor given to a breeder by the breed associa 
tion and is coveted by every progressive breeder 

Herd Averages A good herd average is an excellent an 
tisement for any herd or breed It tells what all the animals are 
producing and not gist what a few of the best animals producen 
The Ayrshire Holstein Friesian and the Jersey Associations 
port the herd averages for aU herds on Herd Improvement Keg 
ister The Jersey Association also recognizes the better average 
b> giving a Gold Star Herd certificate A Gold Star Herd is one 
that has produced 450 pounds of butterfat in a year on Herd Im 
provement Registry test If the herd has only 10 cows or less 
the requuement is 475 pounds of butterfat and if the num 
cows in the herd is more than 50 cows the requirement is 
pounds of butterfat 

Award to Cows The Ayrshire Breeders Association esig 
nates a cow an Approved Dam when she has three daug 
that average 9230 pounds of milk and 370 pounds of fat wi ^ 
test of 3 9 per cent or an average of 10 000 pounds of mil sn 
400 pounds of fat Two daughters will qualify a dam for 
award if they average 9500 pounds of milk and 380 poun so 
butterfat with a test of 39 per cent Approved sire sons can c 
used in place of one or more daughters , 

The Jersey ^Vssociation has several awards for the cows o 
their breed such as the followmg 
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A Stiver Medal cow must produce 420 pounds of fat in 805 days 
when calving at 2 years of age, with an increase of 0 173 pounds 
for each da> over 2 years up to 5 years of age For 363 days, this 
amount must be increased by 15 per cent Cows must meet 
calving requirements 

A Gold Medal cow must produce 610 pounds of butterfat in 
305 days or 700 pounds of butterfat in 365 days, meeting the 
calving requirements in both cases 

A Medal of Mertt cow must produce 740 pounds of fat in 305 
days or 850 pounds of fat in 365 days, meeting the calving re- 
quirements m both cases 

A Tested Dam must have 3 or more daughters with produc- 
tion records The average production of the daughters is the 
cow’s rating 

A Ton of Gold cow must Iiave produced 2000 pounds of butter- 
fat m 4 consecutive years in Herd Improvement Registry test 
The Guernsey Association designates any animal that has (1) 
completed a production record, or (2) have been placed first, 
second, or third in any of the major fairs, or (3) that have 
progeny m either of the above two categories as Performance 
Registry cnunals and list tiiem in the Performance Registry 
The class leaders are the ten high cows in fat production in each 
age and testing classification 

The Brown Swiss Association places the ten high cows m fat 
production in each age and testing classification on the Honor 
Roll They also give special recognition to all cows m their 
breed tliat produce 4000 pounds of butterfat or more m their 
lifetime 

One hundred thousand pound cows are given an award in most 
of tlie associations for cows who during their lifetime produce 
100,000 pounds of milk or more 

Awards to Sires The Ayrshire Association has an approved 
sire program When a sire has at least seven unselected daugh- 
ters out of tested dams that average 9250 pounds of milk and 370 
pounds of fat with a test of 3 9 per cent or more, or an average 
of 10,000 pounds of milk and 400 pounds of fat, he is listed as « 
an Approved Sire for Production In tlieir records his regres- 
sion mdev must not be less tlian 9100 pounds of milk and 370 
pounds of fat All records are calculated to 2 times 305 day 
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mature equivalent bases At least SO per cent of his daughters 
that have reached the age of 3 years must have been tested 
A sire in this breed may be Approved for Type when ten or 
more of his daughters average 825 per cent on type A mmimum 
of 50 per cent of his daughters that are 3 years or more of age 
must have been classified When a sire qualifies for approval 
in both type and production, he is designated as a Double Ap 
proved Stre 

The Holstein Friesian Association has several awards for sires 
A sire becomes a Silver Medal Production Stre on a daughter dam 
comparison of at least 10 pairs that meet the following require 
ments (1) the daughters average at least 410 pounds of fat 
(2 X 305 d M E ) with not less than 34 per cent fat, (2) the 
production must exceed “expectancy” by at least 40 pounds 
(Expectancy is the point halfway between the breed average and 
the average production of their dams ) 

A Silver Medal Type Stre is one which has a minimum of ten 
daughters classified (at least 75 per cent of his available daugh 
ters ) and meet one of the following requirements ( 1 ) type score 
of 84 per cent when less than one fourth of his daughters are 
classified, (2) type score of 83 per cent when one fourth to one 
lialf of his dau^ters are classified (3) type score of 82 per cent 
when one half to three fourths of his daughters are classified, 
and (4) Type Score of 81 when more than three fourths of his 
daughters are classified The number of registered daughters 
include all registered daughters dead or alive, that were bom 3 
years previously and all other daughters that have freshened 

A Cold Medal Proved Stre is one that has met both the type 
and production requirements for a silver medal 

Beginning m 1953 the Holstein Association also approved a 
Program of Selective Re^niration of bulls To be so rated, a 
bulls pedigree must show evidence of satisfactory production 
and desirable type 

Tlie Jersey Association has many awards and recognitions for 
sires 

The Star Bull Program js a plan to rate a bull on the basis of 
his probable inheritance of production and type as e\idenced 
by his pedigree A bull may base anywhere from one to seven 
stars on that basis 
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The Selective Rcgisfratton of bulls is a program that became 
effective in 1942 to encourage the registration of only the better 
bull calves. A special purple-edge certificate is used for this 
designation. To qualify, a bull must meet one of the following 
requirements: (1) his sire must be a proved sire whose daugh- 
ters average not less than 400 pounds of butterfat; (2) his dam 
must have a record of not less than 400 pounds of butterfat 
(2 X 305 d.M.E. basis); or (3) his sire must be a Star Bull. 

Silver-Medal Sires, Gold Medal Sires, and Medal of Merit Sires 
are sires that have at least three daughters that have qualified . 
for these awards. * ’ 

A Tested Sire is a sire with ten or more tested daughters (rec- 
ords averaged on 2 X 305 d.M.E. basis). 

A Superior Sire is a tested sire whose daughters average 8400 
pounds of milk and 470 pounds of fat or more and the type score 
of at least ten of his daughters is 83 per cent or more. Fifty per 
cent of his daughters must be classified and tested. 

A Senior Superior Sire is a Superior Sire with twenty daugh- 
ters that average 9500 pounds of milk and 510 pounds of fat or 
more and with type ratings on his daughters of 84 per cent or 
more. 

Milk Progratns. To help with the promotion of the breeds, the 
Guernsey and the Jersey Associations have developed a breed 
milk-selling program. The Guernsey Association's program goes 
under the name of Golden Guernsey milk, whereas tlie Jersey 
Association's program is called all Jersey milk or Jersey Creamline 
milk. The association licenses the producers and distributors 
and requires that they adopt certain sanitary practices and have 
certain equipment necessary for the production of quality milk. 

Extension Work. Extension work has been carried on by the 
various associations for advertising and promoting tlie breeds. 

It is done in several ways: namely, by preparing and mailing out 
printed information on the breed; by assisting at shows featuring 
tlie breed; by demonstrations and special exhibits at fairs and 
expositions; by publishing production records; by press adver- 
tising; by moving pictures of the breed; and by other forms of 
field work. 

Fieldmen. The breed fieldman is the association’s means of 
contact with Uie breeders. He is a promoter. He attends meet- 
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mgs of the breed clubs and odier dairy meetings m the mterest 
of the breed he represents, he helps organize state and lo 
breeders’ clubs, he work with exhibitors at fairs and shows, al 
ways trying to bring his breed to the attenhon of more people, 
he works with 4-H and FFA club members, and gi\ es service to 
the breeders whene\er possible m matters of registration, trans- 
fers, testmg, classification, showing, sales, and other problems 
dealmg with his associabon The breed fieldman is an im 
portant link between the breeder and the association 

Breed Papers The breed papers published monthly or semi 
monthly for the various breeds is one of the best mediums for 
advertismg and promotmg the breed The Ayrshire Digest, the 
Brown Smtss Bulletin, the Jersey Journal, and the Guernsey 
Breeders’ Journal are published by the respective breed associa 
tions The other two, namely, the Jersey Bulletin and the Ho 
stem Friesian World are published by mdependent organizabons 
Breed Histories Histones of the breeds have been wntlen 
m part m many books on breeds of h\ estock and m other pubh 
cations Several books, such as The /ersey, by R M Gow, The 
Guernsey Breed, hy \V H Caldwell and The Holstein Friesian 
History, by Prescott, Pnee and others, have had their influence 
m advertising and promoting the breeds 


The Purebred Dairy Cattle Association 

The five dairy breed registry associabons m 1940 formed the 
Purebred Dairy Cattle Assoaatiom The purpose of this associa 
tion was to make a unified effort lo promote purebred dairv cattle 
and to work out uiufonn programs that concerned all of the 
breeds Their cooperabve acbon produced the following 
results 

1 A unified dairy-cattle score card 

2. Unified rules for official testmg 

3 Unified rules and regulabons govemmg registrabon of arb 
ficially bred dairy anima ls 

4. A list of classes and order of judgmg m one and two day 
dairy shows. 

5 A code of ethics for pubbe and private sales. 



479 


References for Further Study 

These uniform rules and regulations have greatly helped in 
promoting the breed programs and have done much to advance 
the purebred business. 

REFERENCES FOR FURTHER STUDY 

1. Herd books and producbon books of eacli breed association. 

2. Caldwell, The Guemsey, the American Guernsey Cattle Club, 1941. 

3 Prescott and others, The Holstein-Fnesian History, Holstetn-Fnestan 
World (1930), 

4 Gow, The Jersey, tlie American Jersey Cattle Club, 1936. 

5 Annual reports of the breed associations 

6 Breed papers. 

7. Unified Rules for Official Testing, the Purebred Dairy Cattle Assoc. 
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The Pmebred Dairy 
Cattle Business 


The breeder of purebred dairy cattle is engaged m two sepa 
rate and distinct enterprises first, the production and selling o 
milk, and second, the developing and selling of seed stock. To 
many, the challenge of developing a herd of supenor anunals is 
the spark that gives them keen mterest m the busmess The 
breeding of a herd of purebred animals can be profitable and 
fascinating for those who will take the time and trouble to cany 
out the exacting details that are necessary However, not every 
one should be a purebred breeder 

Purebred Dairy Animals In this country, a purebred dairy 
anim al xs 006 that has come or whose ancestors have come, from 
the native home of the breed and that conforms to the require 
ments of the breed. Purebred dairy cattle of today are the re- 
sult of long >ears of breeding and selectmg for characters that 
the breeders desired to develop There are five major dairy 
breeds m this country and several minor ones but many other 
dairy breeds are found m other parts of the world. For example, 
on continent of Europe there are between forty and fifty 
breeds of cattle Great Bntam is the native home of eleven 
breeds that have been imported to Amenca, besides several 
others of importance in their native home 

Although all cattle have some inbentance m common the 
dairy breeds have additional sunilanty m their inheritance 
They have all been selected not only for their breed character 
istics but also for their abihty to produce large quantities of 
milk and butterfat economically Just when the cattle m their 
native homes became established as breeds is not fully known but 
wiUi few excepbons the breeds of today have been established 
for a long period of tune For example it was reported in 1SS> 
450 
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tliat the cattle on the island of Jersey had been kept pure for 
500 years. In 1833, the Royal Jersey Agricultural and Horticul- 
tural Society adopted rules and regulations for the improvement 
of the breed, but it was not until 1866 that a Herd Book was 
established for the registration of the cattle Altliough all the 
cattle were purebreds, only those that passed inspection by a 
committee were eligible for registration Most otlier breeds 
started registration at about the same time and in much the 
same way as did tlie Jerseys, but of course, the requirements 
differ m details 

Registered Animals. A registered animal is a purebred anunal 
whose name has been registered with its respective breed asso- 
ciation and for which a certificate of registration has been issued 
by the association A purebred animal is not always registered. 
Tins usually is tlie result of neglect of tlie owner to fill out an 
application for registry If the sire and dam are registered, these 
animals can usually be registered at any time, if breeding and 
birth records are available, but at an increased fee if delayed 
beyond a specified age If, however, the ancestry has not been 
registered or if breeding and birth records are not available, tlie 
animal can never be registered and is classed as a grade It is 
important tliat a complete record be kept of service and birth 
dates 

A buyer should always insist on securing the registration cer- 
tificate at time of purchase, and see to it that proper transfer is 
made. The new breeder is often fooled when purchasing an 
animal which is entitled to registry but which for some reason 
IS not registered This new breeder, often a begmner, may not 
know that it is necessary for him to secure tlie registration papers 
and to have the ownership of the anunal transferred to lus name 
on the books of the breed associabon This responsibility lies 
witli the seller but sometimes he neglects Ins duty, causing dis- 
appointments and lack of interest by the new breeder 

Purpose of tlie Purebred. The purebreds are tlie seed stock 
of our dairy cattle industry Only about 5 per cent of tlie dairy 
cattle m tins country are purebred animals but the grade ani- 
mal^ owe most of their good qualiUes to their purebred blood, 
usually obtained through purebred sires The best inheritance 
of desirable qualities has been developed and preserved m the 
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purebreds Their conUnued development will depend on further 
concentrating desirable quabties and diluting unwanted char- 
acters The contmued puri>ose, therefore, of purebred herds is to 
perpetuate the desuable characters m the purebreds and to 
furnish these characters for the improvements of the grade 
herds 

Comparison of Purebreds and Grades. Grade herds have been 
developed that will produce as much and sometimes even more 
than many purebred herds Such herds are usually high grades 
having from 95 to 99 per cent of them inheritance from high 
quality purebreds The produchon of purebreds m DHIA aver- 
ages from 25 to 30 more pounds of butterfat per cow annually 
than produced by grades 

Table LXXV gives the average production of cows in various 
TVBLE LXXV 


VvEUACEPnoDLcriov pEn Yeabof Cousin DirrcnENT CiAssincvTiovs 

ililk, Fat, 

pounds pounds 

All cows milked m U S (19o0) * 

0,292 

210 

All cous m D H I \ (lOoO) * 

9,172 

870 

\\rslnre (II I R 19^0) t 

9,o44 

S89 

Brown Sniss (11 1 R 19o0) t 

9,915 

402 

Guernsey (II I R t0^>0) f 

8,142 

390 

Holstein (11 1 R 19o0) t 

11,C1G 

418 

Jersej (II I R I9 j 0) f 

* Repl Chief Dur Dairif Ind (10.>1) 
t Repl Dreed Issoc 
t Calculated from Breed Vssoc Rept 

7,249 

SS7 


classifications It must be kept m mind, when stud>ing these 
facts, that they may not, in all cases, represent comparable con 
ditions 

Requirements of a Purebred Herd. If the purebred hcr^ m 
tins country are to furnish the seed for improvement m the 
grade herds, it is necessary that they meet certaui requirements 
These requirements are as follows 

1 Hicii PaoDCcnoN The first requisite of a purebred is that 
it be a profitable producer All cows in a purebred herd should 
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be fed and managed in sucli a way that a true measure of their 
average producmg ability can be obtained 

2 Good Type Although type and production have some re- 
lationship, a breeder cannot get high production by selecting 
only for type, or superior type by selectmg only for production 
The two characters, type and production, are both necessary in 
a good purebred herd Cows with poor type, even tliough they 
have good production, are discrimmated against in the buyers 
market Cows with poorer production but with good type will 
often outsell tliem The classification of dairy cows is the best 
measure for type now available 

3 Health A purebred herd should be healthy It should 
be accredited free fiom tuberculosis and be either accredited 
free from or clean and calfhood vaccinated for Brucellosis It 
should be kept free of any infectious diseases such as mastitis, 
Johnes disease, vibrio fetus, and trichomoniasis Otherwise, 
trouble will be experienced in selling breeding animals Fur 
thermore, most of these diseases affect milk production There 
fore, it is difficult to get a true measure of the breeding worth 
of a diseased individual 

4 Comfortable and Sanitary Surroundings Although it 
IS not necessary that a purebred herd be mamtained m elaborate 
and expensive bams and surroundmgs, these should be neat, 
clean, and comfortable to the animals 


THE PUREBRED BREEDER 

Classes of Breeders There are txvo ratlier distinct classes of 
breeders with others ranging between The first is tlie estab 
hshed breeder with a \s ell developed and highly productive 
herd This group includes the great breeders who have done 
much toward breed improvement From this class the bulls and 
foundation cows for the second group are supphed The stock 
from the first group usuallj is too lugh m pnee for tlie breeders 
of grade cattle The second class of purebred breeders consists 
of those not so well established m Uie business and whose herds 
Invo not been so higlily improved The beginner will usuall) 
find himself m this class Ills ability as a breeder will deter- 
mine whether or not he will continue m this cliss From this 
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class of herds many of the bulls which are used m grade herds 


are produced. ^ 

The Characteristics of a Purebred Breeder The characte 
isUcs that a purebred breeder of dairy cattle should have Me 
many and vaned Breeders who are to raise the seed stock tor 
the mass of dairymen have great responsibdity and should have 
certain qualities Some of these characteristics are nece^ry, 
others are desirable, yet them absence may be overcome ese 
charactenstics are as follows 


1 Love for tiie Dairy Cow Unless a man has a sincere 
love for a dairy cow, he will never be a great breeder If a per 
son loves a dairy cow he will see that it is fed and manage 
in such a way that it will be given a chance to produce 
maximum Cows will respond to kmdness and a good breeder 
will so influence those who work with his herd that the cattle 


will receive only the best of treatment 
2 Knowledge of the Following 

(fl) Feeding A good breeder should not only love his am 
mals but be well informed on feedmg Unless cows are fe 
intelligently their production will not reflect their true mheri 
tance and the success or failure of a breedmg program depends 
largely upon an accurate measure of the cows productive 


capacity , 

(h) Breeding Any program for the improvement of a her 
must be based on the science of genebcs Unless a breeder is 
acquamted with at least some of the fundamentals of breeding 
it will be difllcult for him to build a good herd 

(c) Type A good breeder should have a definite idea o 
the good traits that a dairy animal should have He need not 
be an expert judge but he should know when an animal has 


good type or when she does not 

(d) Pedigrees A successful breeder usually is a student 
of pedigrees He should know the family Imes that are im 
portant in his breed and above all, he should know the families 
m his own herd. 

3 Pay Attention to Details Many details are mvoKed m 
a breeding program and unless the daiT>-man pa>s attention to 
these he will never become a successful breeder 
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4. Ability to Withstand Disappointments In the breeding 
of animals, there are often many disappointments Choice ani- 
mals may be lost to the herd through injury, sterility, or death 
The bull that had been counted on for the development of the 
herd may not turn out as expected. These and many other dis- 
appointments that may occur should not discourage the breeder 
but should only strengthen Ins resolve to develop an even greater 
animal or herd 

5. Integbity The purebred busuiess is based on the honesty 
of the breeder and accuracy of his records Men who have a 
reputation for honest dealing and whose word is as good as 
their bond are the ones that are making a success m breeding 
dairy cattle The breeder who honestly helps those who buy 
from him or who will not sell an animal to a breeder if he knows 
that It is not to the best interest of the buyer is more likely to 
make a success as a breeder 

Time Needed to Develop into a Breeder. A dairyman who 
lias bred and developed good animals through several genera- 
tions IS considered a good breeder At least three generations 
of from 3 to 5 years each usually are required before a breeder 
can be considered to have contnbuted much in his own right 
Of course, a person may be fortunate in purchasing a sire at 
the start that becomes an outstanding breeding bull and, thus, 
produce a group of high-producing cows m one generation 
However, tius immediate success is no assurance that tlie de- 
suable characters will be fixed m the herd and that the cows 
Will continue to breed true for lugh production The breeder 
m tins case was “lucky” m his sire selection, but this does not 
prove him to be a great breeder Careful selection within a 
herd throughout the period of development will tend to make 
tile animals more uniform m their genetic make-up The farmer- 
breeder often remains m the breeding business longer than the 
hig breeder Big herds often are not started until after tlie per- 
son has been successful in some oUicr business and wishes to 
m\est his money in a herd of dairy cattle The remainder of 
his life expectancy and consequently that of the herd is often 
limited 

Copeland,* in a study of 2000 Jersey breeders, found tliat at 

•Jersey Bull (Nov 22, 1033). 
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the end of 5 )cars only two-thirds were rcgistermg cattle, after 
10 years only 40 per cent were rcgistcnng cattle, and alter lo 
years only 23 per cent were still in the business. 
breeders often may continue for several generaOons, the herd 
passing from father to son 

Management Details. Tlierc are many details m the manage- 
ment of a purebred dairy herd tliat a breeder must pay attenUon 
to if he IS to be a success. 

1 Care in Recistoatioss and Transfers One of the marks 
of a good breeder is that he is careful m the rcgistrabon of hw 
animals and is prompt m transferring tliem when they are so 
The chore of drawing color markings, taking pictures of e 
animal, or tattoomg the animal in Uie ear in order to have it 
properly registered must be promptly done To some this is 
an unpleasant task and is often neglected Many purebred am- 
mals have been lost to the breed because they were not 
tered when they should have been, and later their identity bad 


been lost 

2 Prompt in Answering Inquiries. The breeder is in busi- 
ness He will receive many inquiries by mail concerning ani- 
mals m the herd The successful breeder will answer these 
inquiries promptly and efficiently He will use an attractive 
letterhead and whenever possible have the letters t>pe\vntten, 
keeping a carbon copy of all such correspondence for future 
reference. 

3 Provide for a Farsi Name. The use of a farm name can 
be an asset to the purebred breeder The name should be dis- 
tmetive and meanmgful It may be and often is, used as a 
prefix m naming the animals bred by the breeder and thus will 
identify them anywhere the name appears This name may 
be registered with the breed association for the exclusive use 
of that breeder as a prefix for naming his animals 

4 DeveijOP a Systexi for Naming Anixials In naming ani- 
mals the use of a farm name prefix is conv ement for beginning 
the name There are a number of systematic plans for naming 
animals, for example, in the name Midview Majesty’s Belle, the 
name “Midview” is the farm name used as a prefix on the name 
of all ammals registered by that breeder, “Majesty” is a part 
of the sire’s name and is used as the second part of the name 
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of all his offspring, and ‘ Belle” is the individual animars name 
and indicates that she is a member of the “B” cow family in 
tliat herd All animals belonging to this same cow family have 
their last name beginnmg with tlie letter ‘ B ” 

Another naming system uses an additional name and gives 
more information, for example, in the name VPI Majesty Emily 
June, the ‘VPI” is tlie prefix, ‘Majesty” indicates the sire, ‘Emily” 
is the last name of the dam, and “June’ is the mdividual name 
of the animal At this farm, all the animals born in the same 
calendar year have a last name begmnmg with the same letter, 
whereas tlie next year the next letter of the alphabet is used, 
and so on This system has the added advantage of indicating 
the animals age and the last name is distincbve for that cow 
There are many desirable systems of naming cows m the herd 
The breeder should adopt one and use it for all his animals 
5 Help with Local, State, and National Programs The 
national breed associations have a number of important pro- 
grams established in which breeders may parbcipate if tliey 
wish These have been discussed in another chapter The two 
basic programs are (1) the production testing program and (2) 
tlie type classification program The other programs are largely 
based on these two and a successful breeder will have his herd 
entered m both He will also be interested in the local and 
state breed clubs of lus particular breed He will be mterested 
m tlie health programs and will beep his herd free from disease 
Good Busmess Methods Necessary. A breeder must be a 
successful farmer and dairyman He must be progressive in 
his methods as indicated by the followng entena 

1 Providing abundant pasture for his herd 

2 Producing the right kind and amount of crops 

3 Mamtiming high milk producUon 

4 Ptoduemg quality milk 

5 Keeping milk production costs at a profitable level 

0 M unlainmg desirable and efliacnt help 

7 Using up-lo-dalc equipment to Uic extent his finances will 
permit 

S Maintaining neat and orderly premises 

9 Maintaining adequate thougli not necessarily elaborate 
buildings 
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10 Staying on a financiaUy sound basis, avoiding splurging in a 
way to jeopardize the business 

11 Registering and transfemng promptly and answering letters 

promptly and efficiently . 

12 Taking part m the program of the national, state, and local 
clubs 


Working with Another Breeder. Usually, a >oung or new 
breeder should work closely with a well established breeder 


They can often be of mutual help By continually using sires 
bred by the established breeder the young breeder will even 
tually has e a herd bred quite similarly to the established breeder 
and will profit by the advertisement of the better known estab 
lishmcnt It will also benefit the older breeder because he will 
liave a place to try out some of his most promising young bulls 


that he may want to use later m his own herd 
If two breeders are m the same locality, they can be of great 
help to one another They may go together to meetings, shows, 
and sales They may cooperate m the buying of foundation 
animals, especially bulls They may exchange bulls and counscL 
A group of breeders interested in one breed can do much to 


improve the breed and their herds by working together 

What the Purebred Breeder May Expect The breeder of 
purebred cattle who must invest more in his business than the 


commercial dairyman should have the right to expect a greater 
return for this additional investment and effort If the herd and 


the farm are operated on a sound basis and attention is gi'^** 
to all the details, he should be rewarded by the following re 
suits 


1 Having high milk production 

2 Getting a high price for cattle 

3 Breeding outstandmg cattle 

4 The opportunity for leadership 

3 The pnde in ownership of outstanding animals . 

6 The i>ossibility of budding up a herd of high value, which wiR 
be used for an estate an anmuty, etc 

Selling Seed Stock. In selling the surplus females and the 
bull calves, a reputation for honesty and fair deabng is a great 
asset If, over the years, a breeder has a good reputation and 
has high quality animals to sell, his selling problem will be at 
a minimum 
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References for Further Study 

In order to sell animals efficiently it is necessary to do the 
following, (a) Advertise. This can be done in local papers 
or in the national breed magazines. Advertising is a necessity. 
(b) Exhibit. One of the best ways to advertise is to exhibit 
some of the better animals in local, state, or national shows. 

If the herd is advertised, there are several ways to effect 
sales: (1) by private treaty; (2) by consigning to sales of vari- 
ous kinds; or (3) by mail. The advantages and disadvantages 
of each of these methods will be discussed later. 

REFERENCES FOR FURTHER STUDY 

1. Gow, The Jersey, the American Jersey Cattle Club, 1936. 

2. Caldwell, The Guernsey, the American Guernsey Cattle Club, 1941, 

3. Prescott and otliers, Holstein-Fnesian History, Ilolsiem-Fnesian World 
(1930). 

4. Breed journals. 

5. Breed association herd books. 

6. Publications o£ the Purebred Dairy Cattle Assoc. 
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The dairy enterprise on a farm may represent only a portion 
of the total farm income or it may be the sole source of income 
The major part of the dairy mcome may come from the sale 
of milk, but often on a farm where purebreds are kept a portion 
may come from the sale of dairy cattle 
A dairyman may find that with improvement of the fertility 
of his land and the accompanying mcrease in yields of pasture 
and other crops he can increase the number of livestock on his 
farm Of course, there may be limiting factors to such an m 
crease m cow numbers such as lack of bam space, additional 
labor needed m caring for and milking the extra cows, and the 
marketing of the additional milL 

Many dairymen, to meet this situation, raise additional dairy 
animals to sell All the good heifer calves dropped in the herd 
are raised and even some calves and heifers may be purchased 
and raised for later sale 

Those heifers not needed for herd replacements may be sold 
whenever there is a demand for them It is the usual practice 


however, to sell the majority of them as heavy springers or soon 
after caiv^ng If the dairyman wishes to mamtain a > oung herd 
he may sell the older cows or those still in their pnme (5 to 6 
years of age) and retam the first*calf heifers This practice will 
usually result m a somewhat lower herd production but, on the 
other hand it will lower the number of cows to be disposed of 
to the butcher because of old age, udder trouble, nonbreeding, 
and other troubles 
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WHEN TO SELL COWS 

Time of Freshening, Usually, tlie greatest demand for dairy 
cattle IS for fresh cows or heavy springers The ad\antage of 
buying sprmgers (cows or heifers before freshening) are (1) 
tliey will stand transportation better than the fresh cow, with 
less danger of udder injury, (2) they reach their new home m 
time to become accustomed to the new surroundmgs befoie tliey 
calve and are to be milked, and (3) the buyer has a chance 
of getting a valuable calf Of course, lialf of the c lives will be 
bulls 

The fresh cow or heifer has her production interrupted some- 
what in makmg the change, but tlie advantages of buying at that 
time are (1) many buyers need the milk at once and are not 
willing to wait for the cow to freshen, (2) the buyer can be sure 
tliat there are no blind or weak quarters, and tlie shape and 
attachments of the udder can be determined better, (3) tlie 
amount of immediate production is a matter of record, and (4) 
there is not tlie problem of difficult calving, retained placenta, 
or milk fever 

Altliough tliere are advantages botli ways, tlie fresh cow or 
heifer usually will bring a little higher pnee tlian will the 
spnnger, especially in auction sales 

Season of tlie Year The season of the year seems to have 
quite an effect on die demand for dairy cattle Calves and 
yearlings are in heavier demand in tlie spring, when they can 
be turned out to pasture 

Milking cows and close spongers are m greatest demand in 
the fall as this is the tune of greatest demand for milk and is 
the penod when the base for the year is determined for many 
dairymen sellmg fluid milk 

Some differences between breeds exist as to the best season 
of the year to sell On most markets tliere is a surplus of milk 
in the spring and early summer wluch favors the higher testing 
breeds Since m the fall the demand is for volume of milk, the 
high testing cows do not hold their advantage 
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MARKETING CR.\DE CATTLE 
The marUling of grade catlle is somcwliat djllercnt than the 
nrarUlrng of pnrebreds Tire marlct for grades .s largely 
commtrcral dairymen near large alies who do not 
OMii replacements m suHiaent numbers There is, of . 

also a continual change of dairymen, some going into th 
ness and others going out, those going into the business m 
purchase cattle, and they usually start with grades 

Good grade cons tliat base Ixcn bred up from good purebreo 
sues of the same breed for a feev generations svill be rjuite un 
form Tliey Mill base the color markings, conformation, 
general eharacteristics of the breed Where culling and selec 
tion has been prae-ticed, liiglr production can be espeoteel 
Some dairymen esith surplus cattle maintain a standing OoJ 
meat with other commeraal daiomen to supply them ssi 
coses and spongers Others sell regularly to dairy cattle «« 
mission men and still others base no regular method of “spo 
of their surplus A few grade dairy aminals arc still sold tnro“S 
lisestocl. auction marlets Tins is certainly an undesirable pi 
to secure dairy cattle These markets have been deseloped 
furnish a market for surplus liscstock of roost any kind In mo 
cases the animals that arc sold arc expected to go 
They come from all kinds of farms and too often little cno 
made to control disease This offers a market for cull cows 

should go to the butcher A dairyman should not buy anim 

of any kmd from these stockyard markets The author oe 
not know of a profitable herd where the owner has m3 e 
practice of purchasing replacements from the stocky ard mar e 
but does know of seseral dairymen who purchased a great e 
of trouble wath cattle from this source Probably the mos 
prevalent of these troubles have been cows with masbbs, Bruce 
losis chronic digestive troubles or mean dispositions 


MARKETING PUREBREDS 

Registered cows must make good at the pad however, 
value extends beyond their milk produemg value The rlcrr^ti 
for them is based on their vafue as foundation animals on vv c 
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to build or improve a registered herd. Top-flight herds look to 
other registered herds for their sales. 

The small purebred breeders will e\pect most of their sales 
to go as foundation for new breeders or for those breeders with 
only a few purebreds 

Bull Calves. The market for bull calves is much more limited 
than for females The greatest demand is for young bulls of 
breeding age, usually in tlie fall and early winter 

The widespread growth of artificial breedmg associations has 
reduced tlie number of bulls needed and at the same time has 
made tlie demand much more discriminating. 

New Breeders A new breeder of registered dairy cattle must 
not at first expect high prices or too great a demand for his sur- 
plus cattle He must first build his herd on a sound financial 
operation from the sale of milk After he has established a 
healthy herd that has satisfactory production records and de- 
sirable type, as indicated by classification or by showing at local 
shows, and after he has advertised by some method, he can ex- 
pect some demand for his animals 

Certain factors are essential for a breeder wishing to sell sur- 
plus cattle His herd must have tlie following qualities 

(1) pEODucrioN Records High producing abihty is the first 
requisite of registered dairy cattle The proof of producing 
■ability IS through one of the systems of production testing For 
■selling locally or even witlim the state, records made in D H I A 
usually are accepted about equally with ofBcial test records 
For national, sectional, or special sales the official test record 
usually commands higher pnees for cattle 

(2) Type Type is tlie second requisite for the purebred 
breeder Copeland * and Norton f made studies of the produc- 
tion records of cows that had been classified for type When 
considered as groups there was a correlation between the classi- 
fication rating and production The better type cows, on the 
average, produced more than the poorer type cows Altliough 
this was true for group averages it did not hold true for all m- 
•dividual cows 

" Jersey Herd CJassification Bull 
1 Ilohtcm Herd Classification Bull 



MarkeUng Dairy Cattle 

To secure some of the higher prices, purebred cattle 
desirable type, but it is not necessary that they be sh- 
nng winners A part of the desire tor ownership of gis 
catUe IS m the pnde of living sometiung better 

One of the top fhght sale managers stated ^e“ h 
lected cattle he looked Erst at the animat, tlien at “'c 1?«1 ^ 
and that a splendid pedigree and a higli record wou 

"”(3) hLltii The third requisite for a breeder 
his surplus stock is to have a healthy herd-a herd tlia 
of Brucellosis, tuberculosis, mastiUs, and other isease 
should develop an accre-ditcd herd Some buyers 
purchase animals that have been calfhood vaccinated 
iosis AU animals to be sold should hav e a nepUve test for be ^ 
Brucellosis and tuberculosis wiUiin SO days of the selhnS 
hvery date In most states, calfhood vaccinates that hav 
cleared un, but are under 24 months of age and come r 
clean herd are acceptable animals from a health j 

An attempt should be made to sell cows free from , 

other diseases It is the sellers obligation to sell only hea y 
animals 


ADVERTISING 

Besides developing a herd with high production, with go^ 
type and free from disease, the breeder must ad\ertise 
wishes to sell his surplus cattle to advantage 

The art of advertismg is to let the prospective bujer 
what one has to sell and to present its good points m sue 
way that the buyer will want what one has to offer 
Some advertising may be free and other hinds may cost 
but whatever the cost it may be placed m the same category ^ 
the expense of raising the animal to sell It is a necessary pa 

of the sales program listed 

There are many ways to advertise, among which may n 
the following , 

1 Showing animals at local or state fairs If this is to be 
the right kind of animals must be shown and they must 
fitted and sbovra m an attractive manner Signs over the ea 
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of the herd and printed material of information about tlie herd 
can be distributed. 

2 Furnish the local papers with information on the outstand- 
ing accomplishments of tlie herd The production records, its 
classificabon, or show-nng winnings are always news that the 
local paper will take witliout cost 

3 Consigmng a few top animals to a local or state consign- 
ment sale is another means of getting a herd before the buying 
public The sale as well as the show can be a breeder’s show 
wmdow through which to display his merchandise 

4 Purchased advertising space m local papers or breed maga- 
zines may at times be one of the most wisely spent costs of sell- 
ing cattle It may reach tlie person in need of tlie specific offer- 
ing The type and extent of purchased advertising that is jus- 
tified depends upon the number and kind of animals to be sold 

A begmner would not expect to advertise his surplus tlirough 
a national medium He could expect his best results with local 
papers or probably state wide types of farm papers The use 
of continuous small advertisements are more effective than a 
single large one costing the same amount 

5 A breeder’s reputation for honesty and integrity is the 
greatest advertisement for a herd of cattle A reputation for 
square deahng is a requisite for a man to sell cattle at tlie best 
prices This is true for either private or public sales 

The activity of the breeder in breed clubs, dairy, and other 
types of organizations, is effective in getting to know more peo- 
ple and to have more people to know about his cattle A man 
and his cattle are closely tied together m the thmking of his 
fellow breeders 


METHOD OF SELLING 

Surplus animals may be sold m several ways, such as privately, 
by mail, or tlirough one of the various forms of auction sales 
Private Sales. The simplest and most used method of selhng 
IS by private sale direct from the seller to tlie buyer right on 
the seller’s farm 

The buyer sees the cattle in their usual surroundings in tlieir 
everyday clothes ” The seller does not have any selhng e\- 
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pense Blemishes, if an>. can be looUd over .lU. 

Related animals m the herd can be seen ,jtages that 

given to making decisions Tins method offers 

the auction sale does not «.^,f«ment and 

Many buyers do not like to buy under the s 

pressure of the auction sale At the farm tliey can 
milked They can le-am more about the feeding an 
the herd as compared to their oven nro- 

The seller should have readily available and complc P 
duebon records, breeding dales, and other in orma lon 
cattle Some pedigree information should be 
buyers of purebred cattle today expect much more pedigr 
formation than is on die rcgistraUon paper 

Selling by Mad When travel was more ^ 

than It is today, there was considerable sclhng of cattle by 
This was especially true of bull calves Many sales arc s 
m that manner, especially by the larger breeders 

In selling by mad, the seller should give the interested p ^ 
as complete infonnabon as possible This should me u 
age, a complete four generation pedigree, a pholograpn o 
animal, and, if possible, of the sure and dam 

This type of infonnabon is splendid for answering loffb 
for cattle, even though the prospect is expected to come o 
farm to see the cattle In fact, it may be the deading 
as to whether or not he vviU visit the farm ^ 

The Auction Sale The auebon sale is a quite ^ e 

of selling. A number of anunals can be sold m a briefer 
A buyer can purchase more animals in a shorter bme an wi 


less traveling than be can pnvately 

Dispersal Sales The dispersal sale is one where the re ^ 
is selbng his entire herd, with perhaps a few excepbons 
noted m the announcement of the sale This is a popu ty^^ 
of sale Breeders realize that they hav e an opportumty to po 
chase animals that might not otherwise be offered. 

Redlction Sale. The reduction sale is one held to re u 
the number of animals in the herd The owner has the pn ^ 
of selecting the animals to selL This may be an average cro 
section of the herd or it may be above or below the avera 
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Consignment Sale The consignment sale is usually con- 
ducted by some breed club or group of breeders The breed club 
consignment sale is made up of cattle selected from the herds 
of the members A sale may also be sponsored by a group of 
breeders havmg tiie same blood lines or otlier characteristics 
common to their herds 

Some consignment sales are managed by professional sale 
managers Others are handled by a sale committee selected 
from among the group sponsoring the sale When sales are 
held as annual affairs, they can build up good will and prestige 
that is a definite asset in selhng cattle 

THE EVALUATION OF CATTLE 

It IS often said that an animal is worth what it will bring Of 
course m an auction sale this is the value placed on it But 
on the farm how is the pnce to be determined? Both the buyer 
and the seller may compare the animal witli other animals tliat 
have recently been sold But what is a cow worth? A number 
of factors and conditions enter into the worth of a dairy animal 
Those listed below are important 
Age Generally, an anunal increases in value until it reaches 
its prime, after which its value will decrease In the case of 
outstanding breeding animals, their value remams high to an 
older age because of the value of dieir offsprmg 
Soundness A blemish or unsoundaess decreases die worth 
of an ammal The blemish may be negligible or it may be so 
great that the animal has value only for beef A slightly capped 
hip that does not interfere with the animals walking might not 
cause a serious reduction On the other hand, an injured stifle 
that causes the ammal to walk with difficulty might render her 
almost totally useless 

Health There are probably four diseases that are looked 
into first namely, Brucellosis other reproductive diseases mas 
titis, and tuberculosis The health of the individual and also 
of the entire herd must be considered Numerous otlier diseases 
are important 

Condition The flesh and the condition of the hair of an am 
mal will matenally affect the price of an animal For animals 
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sold at home ll.e cciidiUon rviU not affect its selling price as 

""cmvs and^lJeifers that arc cstrcmcly Uim at calving 
not produce their best dnnng the following lactation 
that are ready to go on pasture m tlic spnng might n 
*ounKd mucl': forlack of llesh if they are thrifty and have goi^^ 
skeletal growth Overfatness, especially m >oung cattle, 

’“pfetn" piodufbon It a cow is being P“--n’>a^nd ^mariy 

to help out the immediate milk supply, her present p 

IS of utmost importance Also this may be a moderately good 

guarantee of her ability to produce l„n,vT, the 

Past Production When the present production is known 
added information of past ptoduchon gives more 
to what to expect doting the remainder of the present lactation 
and subsequent lactabons Previous records arc always 
Bred or Open A buyer must know when a heifer or a c 
has been bred The bred animal is )ust that much nearer 
the time when she will start to bring in an mcome 
When Duo to Calve A man buying cattle lor P'“ductio 
a specilie time will pay well for those calving at the time 
he will need the milk but vvdl not be so interested in those o 

much earlier or later c^rvice 

Service Sire In top quabty purebred animals me se 
sire often influences her value He may be a bull whose ^ , 
are sought after or he may be a mediocre or poor buU w 
may detract from the value of the animal 

Ancestry A great deal of importance is placed on the 
cestry of high quality cattle The value of average catt e is 
influenced so much by the ancestors but many breeders ^ 
not consider buying animab except within certain fami les 
blood lines 

Type and Conformation A poor type animal regardless 
pedigree usually will not command a high price Occasiona 
if the bu>er is interested in showing the animal that is a s o 
prospect takes on added value In the majority of casw ^ 
consideration is whether or not the animal is typical of the 
IS straight with plenty of strength, has a great deal of mi 
and has a satisfactory udder 
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Disposition. All other factors could be favorable and the cow 
have a nervous or bad disposition She might be a kicker, be 
difficult to handle, or be a slow or hard milker The author 
knows a breeder who sold practically all the daughters of a cer- 
tain sire because they were hard to handle and difficult to milk 
Other considerations help determine what a cow is wortli, but 
tliese are the more basic 

When all these factors have been taken into consideiation and 
it IS found that the animal is sound, a basis for pricing a regis- 
tered animal on the farm would be to start with one animal and 
base tlie value of the others on it according to the following 
schedule 


Coins, 3 to C jears old 

Per Cent 
100 

Conn s, 2 to 3 ^ ears old 

75 

Heifers, bred 

60 

Heifers, 12 to 18 months old 

oO 

Heifera, 0 to 12 nioutlis old 

40 

Heifers, under 0 months 

25-40 

Heifers, at birth 

20-25 


Deduct 20 to 25 per cent yearly for cows over 6 years of age 
Add 25 per cent for each 100 pounds of butterfat above 400 
pounds based on 2 X 303 day mature equivalent records 

Grades For grade cattle, the milking cows are worth more 
in proportion to tlie value of the calves and yearlings tlian with 
purebreds 

Bulls. The same generalizations cannot be made on tlie worth 
of bulls as for females The demand is different and is more 
exacting Normally, young bulls from 1 to 2 years of age are 
in greatest demand Three- to 5 year old bulls are as a rule 
difficult to sell They will not command any higher price than 
a yearling At this age tliey are yet unproved, except in unusual 
cases Dairymen hesitate to buy a mature, unproved bull Most 
bulls are 6 years old or older before they are proved The value 
at tins age depends largely on two factors, how good is Ins proof 
and how sure a breeder is he? The use of proved bulls in ar- 
tificial breeding associations is mcreasing the price on well proved 
bulls, even of advanced years 
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The mirkeling of dairy cattle is a part of our national economy 
which relocates surplus cattle from one farm or area into a 
deficit area The prevailing pnce will be reflected in tlie balance 
of the supply and demand The trend of prices of purebred 
cattle from 1910 to 1946 is reported by Minnesota workers ® 
The price of purebred dairy cattle sold at auction has followed 
closely tlie trend of net farm income (see Figure 42) 

This same study compared the prices received for purebred 
dairy cattle with prices received for milk cows and for beef for 
slaughter This trend is shown m Figure 41 The value of 
milk cows remained closer to the price of beef cattle than it did 
to the price of purebred dairy cattle 
The price of purebred dairy cattle did not fluctuate so greatly 
as tlie price of purebred beef cattle, but it moved in the same 
general trend 

SELLING FROM THE BOTTOM OF THE HERD 

Every herd has some cows that are not so good as others 
Some cows, because of breedmg difficulties, udder trouble, in 
)unes, etc , can be sold only to the butcher Some cows are 
low producers and should be sold to the butcher Some of the 
low producers in a high producing herd may be better than the 
average cow m many of the lower producing herds These low 
producers often bring just about commercial milk cow prices, 
but the breeder can sell from the bottom of his herd 

These lower quality animals should be sold for what they are 
and not to another breeder for foundation animals on which to 
build a herd Old and blemished cows of good breedmg and 
witli high production may sometimes give a new breeder an 
opportunity to secure good blood lines at low cost 


VALUE TO THE BREEDER 

The sellmg of registered cattle and tlie contact witli other 
breeders is a part of the romance of the dairy business Dairy 
mg and tlie breeding of good cattle may be a vitally mteresting 
• l/fnn Exp Sta Bui 898 
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and profitable business. There are values not measured entirely' 
in monetary umts. 
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Fitting Daily Animals 
for Show and Sale 


The breeder of dairy cattle should consider not only the pro- 
duction of lus cows but also tlieir type Production and type go 
hand m hand in the best breeding establishments One of the 
most effective means of establishing type and of advertising a 
herd is by the public exhibition of dairy animals The standard 
of type of the different breeds is largely set at the great exliibx 
tions, although the classification of herds by the different breed 
associations is becoming more general 
The great dairy shows m tins country, the different state fairs, 
and to a lesser extent the county fairs, are excellent educational 
institutions If one wishes to become acquamted with the de- 
sired type of any particular breed, one can do so by watching the 
placements as made at some of the good dairy shows 
The fairs m the United Stites are not conducted as they are 
abroad It was the privilege of one of the authors to visit some 
of the agricultural fairs in Europe At Cooper, when the West 
Highland Cattle Show had been in progress only 1 day, it was 
possible to buy a catalog in which could be found the placement 
of all the cattle in the different classes The animals were placed 
the day before the opening of the fair so that even those persons 
who attended only the first day might know how the different 
classes were placed In this coimtry, it often happens that some 
of the breeds are not placed until the last day of the exhibition, 
^nd unless one remains until then it is impossible to learn all 
the lessons taught by actual placement m the ring Here, hovv- 
ever, we have the pleasure of watching the judge working and 
of forming our own opinions of the placements before he has 
actually made them Under die European system this is not 
possible In this country more emphasis is laid upon advertismg 
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the breeder and less upon the <=dncat.onal features of tteex- 

hibiUon than m the European eountries ^ 

tions in this conntry have rcccnUy been for a 

Two Classes of Showmen It is not a difficult p 
man willing to spend large sums of money (provided ^ 
the type that vvins, or ean employ someone who does) y 

a herd of eattle that will wm prizes at the shows Sue 
IS known as “a faneier" Probably, so far as advertising tl e 
IS eoneemed. he does as mueh good as though he 
but from the standpoint of permanent improvement ° , 

he can do it httie good Such a person often dwposes of 
at the close of the show season, and thus no permanent g 

results t. 1 " The 

A more constructive ly\)e of showman is the breeder 
advisability of making it a prerequisite to the ° , 

mals that they be bred by the exlubitor. or at least that t^ 
be in his possession many months, has been considere 
result of such a restnction would be the establishment o 
breeding centers upon whidi the public might dep^d or 
mals that would contmuc to breed true to type re 

type of exhibitor is the one that benefits not only 
his herd but the breed as welL He should be gi'cn al 6 
couragement possible , 

Winning Animals For many years the judges at . 
have been selected under conditions that warrant their ® * 
to give unbiased decisions and that compel them to be ^ 

formed about the desired type of winners The result is 
within mmor degrees of difference, the most desirable ^im 
wm today m the show nng. There was a time when *^{L 

were less well known, judges were less carefully selected, an 
as a result, the placement was somewhat of a lottery, an atu 
mals inferior m type and quality were often placed first 
tunately, that day is past, no one can now hope to wm 
cattle, even though they have been well fitted unless 
sess the true breed charactensbes All animals exhibited 
supposed to be typical of the breed and this is as it sbou 
Early Preparation of the Show Herd. The man who is 
to exhibit his herd on a show circmt should select among 
milking animals the prospechve wmners— those that seem to pos- 
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sess m the highest degree the desired characteristics of the breed 
—and give them special attention, as their condition at the time 
of tiie show depends largely upon the care which tliey have re- 
ceived In the first place, it is very desirable to breed the cows 
so that they will freshen at the right time It is usually best to 
have them freshen a short time before they are to be exhibited 
They should not freshen, however, so long m advance of the 
fair season tliat their surplus fat has been milked off, so that 
tliey will look unduly tlim and show lack of capacity and thrift 
Sometimes animals are bred to freshen wliile on the fair circuit 
This IS often very satisfactory, as a cow ■asnally looks her best 
just before and a few weeks after freshening 

It IS very unportant, m selecting tlie young animals for the 
show circuit, that they be dropped at the right season of the 
year The classes for young animals in the show ring usually 
include all animals within a range of 6 months or 1 year in age 
The young animals should then approach the upper limit rather 
than tile lower one, as the larger animals will always be given 
a preference over tlie smaller ones, everything else being equal 
It is well to fit several animals of each class that one intends 
to exhibit, as it is not always possible to determine just how an 
animal will respond to fitting unhl after the fitting season is 
over All animals tliat are to be exhibited should also be tested 
for tuberculosis and Bangs disease, as very few fair associations 
allow cattle to be exhibited without first being tested 

Feedmg the Show Herd The feedmg of show animals is very 
unportant if the best results me to be obtained It is not desir 
able to have dairy animals excessively fat for exlubition pur- 
poses It IS desirable, however, for all animals to carry a fair 
amount of flesh, as a very tliin animal will be discriminated 
agamst The animal that is reduced in flesh will require a longer 
fitting period than one tliat is well nourished This fact should 
be borne m mind when one selects animals for the show ring 
Many different gram rations can be used successfully in fitting 
animals for show In general, such feeds as wheat bran, ground 
oats, corn meal, and linseed meal make up the larger part of the 
ration The gram ration should be fed with good mixed hay, 
silage, and beet pulp Molasses is often fed also The amount 
of gram to feed will depend upon the size, condition, and in- 
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divicluality of tlie ainmil iVs a general rule, the cows shou^ld be 
fed all that they will clean up with relish If they 
flesh the amount of corn meal should be increased Linseea 
meal is a very popular feed tor use at this time as it seems to 
add a gloss to the hair and quality to the hide Tow^d the en 
of the Bttmg period, beet pulp should be substituted for si . g . 
as It IS practically impossible to secure silage on the show enrol 
and It IS best to have the animals on the same feed Uiat mey 
Will receive during the show period t c 

Homs. The majority of breeders lint show Ayrshires, jersey , 
and Guernseys are still leaving the horns on their 
Holstein and Brown Swiss breeders are removing the 
their animals There is a trend toward dehorning all catti , 
including show animals The uniform dairy cattle score 
states the following Absence of Homs -An animal Uiat nas 
been cleanly and neatly dehorned, and whose head shows true 
breed character-no discnmination \Vlien horns are ’ 

It IS necessary that tliey be shapely and well formed in order 
make the best appearance 

Certain shapes are favored m the different breeds, and ic 
important that the horns, when they do not develop norma y. 
be trained to grow m the proper shape Special devices nave 
been provided m order to get the desired shape The horns o 
the Guernsey, Jersey, and Holstein breeds are required to turn 
in The usual means of accomplishing this is to use a clamp 
that fastens onto the horns and pulls them together ^ ® 

Ayrshire breed, on the other hand, it is desired that the horns 
turn out and up The apparatus for producing this effect may 
be of several types, each horn may be trained independen y 
by the use of clamps, or both may be trained together by t e 
use of clamps and weights Tlie clamps are fastened to the en 
of the horns and pull the horns up and m 

It is important that the training of the horns be started ear y 
so that they will be trained in sufficient time for the exhibition 
The boms on Jerseys and Guernseys should be trained w ® 
they are calves, and on Ayrshues when the animals are between 
the ages of 1 and 2 years 

Trainmg In order that the caUle may be shown properly m 
the nng it is essential that they be given good training before 
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starting on the circuit Any show animal should 

and stand in a position that wdl be” taught to lead 

younger the animal, the more easily it ran ^>0 ‘a 

and stand properly At any age. hones er a larg 

time IS required to tram the animals to lead. ’J ^ 

or change position Many points in jmsing an 

learned only through showing It should be reme . 

ever, that all the effort expended m Biting an animal may g 

naught if it IS not properly named 

Clmpmg The head and tail of all animals are 
neck r^ay be clipped in most cases The beUy is usuaUy no^ 
Tpped L heiferl allovvmg «*>e hair if not 
ragged, to show a little more depth to the body the 

udder of the cow are dipped to show quality and to enha 

milk and udder Neim ui«rd and 

Brushmg Brushing stimulates the cu’culation of the 
helps make a glossy coat of hair A mellow skm ^ j^g 

good feeding and thorough brushing A soft brush sh 
used A rubber currycomb is easy on the hide and is an 
tive tool m getting loose hair and dirt out of the nicie 
brushes should always be kept clean , 

Washmg The animals should be thoroughly , 

mild soap such as castile or uory, and with considera e 
bing All the soap must be nnsed out of the hair t pted 

mals have been thoroughly washed and then kept 
they need to be washed again only enough to keep them c 
For the Guernsey and Jersey breeds, where stress is ^jg 

jellow secretion, washmg should be done only at the 
of the fittmg period and when the animals become so e ^ 
Blanketing The ammals should be blanketed after was ^ 
order to keep the coat clean and the hide m good con 
Blanketing raises the temperature and retards the hair 
somewhat It helps make the coat smooth and gi'os an 
a smooth, finished appearance which cannot be obtaine o ^ 
wise Blanketing of show anunals is uni\ersaUy practice 
this country c » f the 

Polishing Homs and Hoofs The horns and the °jjoofs 

animal have an important effect upon its appearance . 

of all ammals should be carefully tnmmed and properly s 
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This can be done with the use of tlie chisel, rasp, and pincers 
In like manner, the horns should be carefully smoothed and 
polished Sometimes metal polish is applied to the horns and 
they are then rubbed tlioroughly until tliey slune The feet and 
horns should be put in shape several montlis in advance of the 
show season, so tliat when the season approaches it will be 
necessary only to keep them properly polished 

Shippmg. The sluppmg of the animals is an important part of 
a successful competition on tlie fair circuit The herd should be 
given as much comfort as possible while being moved from one 
exhibition to another Usually, a car will be furnished by the 
railroad, to be used during tlie enture showing season It is pos- 
sible to prepare stalls in the car and to keep them well padded 
witli burlap and bedded witli straw so that the anmials will be 
comfortable The cattle should be carefully blanketed so that 
tliey will be protected from all drafts 
The person in charge of the car should provide himself with 
complete equipment, such as buckets, forks, and shovels, and 
with the necessary feed He should be so equipped that he can 
take care of his animals without assistance from anyone 

Except for long hauls, most cattle are now transported by truck 
The same precautions should be observed with the truck as witli 
a railroad car The protection of the cattle m inclement weather 
IS especially important Shipping fever is associated with mov 
mg or exposure of ammals Some protection can be produced 
by giving the ammal hemorrhagic septicemia vaccine 10 days to 
3 weeks before movuig them Hemorrhagic serum can be given 
3 or 4 days before the cattle are to be transported One should 
always ship a show herd so that they will arrive at the place of 
exhibition several days before the time of showing Thus there 
will then be ample time to get the animals into the best shape 
before showing 

Final Preparations When the herd has arrived at the place 
of exlubition, care should be taken to see that everything has been 
properly provided The stalls and pens should be kept clean 
at all times aud a large amount of bedding and feed should be at 
hand The eiitnes should be carefully examined to see that they 
have been properly made out, the rules and methods of tlie par- 
ticular fair should be studied and every detail carefully watched 
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This IS particularly true for the beginner, because it may be dis- 
covered that on account of some rale an animal will be barred 
from entering a class 

In order to develop the appearance of ^eat capacity, the ani- 
mals are sometimes denied water for some hours before being 
shown They are given some salt, and then, before going into 
the ring some water Bemg thirsty, they drmk a large amount 
of water and hence should show a somewhat greater capacity 
than normal 

Baggmg Up Animals in milk are usually brought into the 
show rmg with distended udders They arc generally milked 
very httle the day of the show The showman may study his 
cows and know just how many hours are requned to “bag up" 
each coiv to show her udder to best advantage Some quarters 
may not be completely milked out at that time m order to even 
up the udder After this final milking the udder and teats should 
not be handled This would cause the cow to let down her milk, 
and cause the udder and teats to strut Some exhibitors use 
collodion on the ends of the teats to keep them from leakmg 
Care should be taken that the cow is not bagged too much 
Many cows look better when the udder is not too much distended 
Showmg At the call of the class, the attendant should lead 
the animal mto the ring with an attractive, properly fitting halter 
It IS the better practice to lead the animal, holding the halter 
strap m the left hand and to walk baeWard From the time 
the anunal enters the ring it should be the business of the at- 
tendant to see that it is exhibiting itself to the best advantage 
at all times 

The exhibitor should keep his eye on the animal and the judge, 
anii should pose his auiTnak even though the judge is not lodkmg 
at the moment By a gentle pull or push on the halter it should 
be possible, by previous training, to pose the animal properly at 
all tunes The importance of proper training is m evidence at 
this time 

When the placmgs have been made the animals should be 
taken from the nng without a word, even though the placement 
has not been to the iikmg of the exhibitor To be a good show- 
man, a man must first learn to be a ^>od loser 
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Showing out of tlie Ring. Breeders are appreciating more 
and more the value of showing the animals when they are not in 
tile ring. There are always prospective buyers or men who are 
attending the shows to determine the breed of cattle they wish 
to develop. It is important, therefore, that such men have an 
opportunity to see the animals outside the ring. This is espe- 
cially true of the winning animals. It is usually profitable to 
have a good showman and salesman ivith the animals at all times 
when visitors are about. Unless the animals are about to be 
shown, the attendant should be willing to remove the blanket 
and show them at any time. 

Classification of Herds. Many breeders find it impractical, or 
at least undesirable, to exhibit their animals at the leading shows, 
and hence have no opportunity to measure the type of their 
herds. The five major breeds associations, realizing that the im- 
provement of their breeds depends not only upon their produc- 
tion but also upon the type of the animals, have adopted plans 
of inspection and classification of cattle. The animals in the herd 
are classified by a reputable judge and are put in various classi- 
fications, such as: excellent, very good, good plus (desirable), 
good (acceptable), fair, and poor, according as they meet the 
requirements of the score card. 

This program does more for the individual herd than does 
the show ring, as far as evaluating type is concerned. All fe- 
males that have ever freshened are classified; therefore, it gives 
the owner the rating on all his cows. Also, he gets a rating on 
each part of the animal. He may study the results and learn 
where the weak and strong points are in his herd as a whole 
(see Chapter 28, on breed-association programs). 
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Production of 
High-Quality Milk 


With the proper bam and equipment, as described in later 
chapters, it should not be a difBcult task to produce high grade 
milk The equipment, however, is not all that must be con' 
sidered m this connection Proper methods must also be fol- 
lowed if the best results are to be obtamed In fact, high grade 
milk may be produced m very ordinary bams and with mediocre 
equipment, if the metliods are good In order to produce clean, 
high quality milk, the dair)'maD must understand what consti- 
tutes cleanliness and be willing to watch all details that are 
necessary for the production of such milk 
Milk IS cosily contaminated with dirt, bacteria, and odors 
Milk furnishes an excellent medium (or the growth of bacteria, 
particularly when not properly cooled Great care is necessary 
in tlic production and handling of milk as a food product, in 
order to put it m the hands of the consumer in satisfactory con- 
dition 


PRODUCING HIGH QUALITY MILK 

Milk, to be high grade, must be clean and of good flasor and 
contain a minimum of bacteria, none of which should be harm 
fuL In order to produce such milk, \cry careful methods liave 
been devised Tliesc methods do not require elaborate or ex 
pensive e<iuipment but they do require great care and clean- 
liness 

Healthy Cows Milk should be produced from cows knowm 
to be free from disease As stated m a previous chapter, tuber- 
culosis in dairy cow s, especially when the udder is infected, may 
be tlic cause of tuberculosis in humans, and Brucellosis or un- 
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dulant fever may be caused by the consumption of milk from 
cows with Brucellosis Cows should be tested for tuberculosis 
and Biucellosis at least once a year, and if the disease is found, 
the test should be made more frequently All reacting animals 
should be removed from the herd and the stables and premises 
tlioroughly disinfected 

Milk that is in any way abnormal should be discarded As a 
general lule, milk from a cow 2 weeks before calving or 4 days 



45 Clean, healtliy cows coming from pasture to be milked (W Va 
Vniv ) 


^fter calving should not be used Only milk from healthy, normal 
cows should be used Milk fiom cows that are affected with 
joastitis IS often abnormal chemically and physically and usually 
a high bacteria count 

The use of antibiotics in the treatment of mastitis has proved 
^ective, however, the milk produced for several days after 
contains some of the antibiotics Such milk causes 
‘ “cultv m cheese making and in the manufacture of cultured 
ottermilk oi churning Studies made at the Florida and Vir 
S'oia Experiment Stations * showed that milk from cows treated 
'^”h penicillin or aureomycin should not be used for a period of 
ours following treatment 

Clean Cows Much of the dirt and dust that gets into the milk 
from the cow’s flanks udder, or belly during milking time 
the cows should be cleaned before tliey are 
* ked The amount of labor required to keep a cow clean is 

^ Scl 1951), and Sou dgr Work (1950) 
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lessened by having the stall platform the nght length, by using 
sufficient bedding, and by keeping the hair clipped from the 
udder, flanhs, and the belly Long hairs that drop into the milk 
carry with them large numbers of bactena Dust also is re 
mo\cd from the cow with ^eater difficulty if long hair is present 
on the parts mentioned ^^^en kept in the bam, the cows should 
be gnen at least one complete grooming daily This should be 
done long enough before milking so that there will be time for 
the dust to settle 

The udder and teats should be washed immediatel> before 
milking The N\ash water should contain a disinfecting solution 
Chlorine ( solution of 200 parts per million ) has been the standard 
chemical for this use for many years Also, a number of quater- 
nary ammonium compounds have been used In trials at the 
Virgmia Station involving a number of these compounds it was 
found that they were equally as effective as chlonne m reducmg 
the number of bactena on the udder and teats The use of 
either chlonne or quaternary compounds reduced the number of 
bactena on the surface of the udder and teats approxunately SO 
per cent 

The quaternary compounds have the desirable quality of not 
chapping or imtatmg the bands of the user and the teats of the 
cows as much as chlonne This is a special advantage when 
washing the udders with hot water during cold weather A 
clean cloth or towel should be used for washing the udder It is 
desirable to use a different towel for each cow Because of the 
difficulty of keeping a supply of clean and dry cloths, some 
dairymen are using disposable paper towels made especially for 
this purpose The value of washing the udder to reduce the bac 
term count is shown in Tabic LXXVI • 

Milk always contains some bactena when drawn from the cow 
The number of bactena found in the udders of different cows 
vanes considerably In studies by Shennan f on udder flora, it 
was found that certain cows produced milk containmg not more 
than 300 or 400 bactena per cubic centimeter, whereas m the 
milk from others, the count did not go below 20000 or more 

* Bepl on Milk Contaminaiton Orr 

! Unpubtuhed data Pa. Exp Sta. 
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TABLE LXXVI 

Effect of BnusiiiNO, Washing, and Dhyino of Cow’s Uddeu and 
Flanics on Bacteuia Count 


Housing of Cows 
Summer — all cows out 
Summer — all cows out 

Winter — cows indoors 
Winter — cows indoors 
Winter — cows indoors 

Winter — cows indoors 


Number Average 
of Experi- Plate 


Condition of Cows 

iiients 

Count 

Untouched 

7 

440 

Udder and flanks washed 

and brushed 

3 

170 

Untouched 

3 

4752 

Udder and flanks brushed 

3 

-1752 

Udder and flanks brushed, 
waslied, and left moist 

C 

230 

Udder and flanks brushed, 

washed and dried 

3 

440 


This may possibly be caused by the fact that the opening'of some 
teats is larger than that of others, or that the sphincter muscle 
of the teats closes imperfectly, allowing a greater number of 
bacteria to enter the udder. Also, udder trouble, such as mastitis, 
results in many bacteria being given off in the milk. Some cows 
^y have chronic udder trouble, which is not generally notice- 
Jihle, but which causes them to give off large numbers of bac- 
teria. Whatever the cause, it is necessary in the production of 
the highest grade of milk to make a study of the individual cows 
and to correct the cause, or to eliminate those that constantly 
produce milk containing many bacteria. As there are slightly 
more bacteria in the milk first drawn than in that drawn later. 
It IS the practice of some dairymen to discard the first few streams 
rom each teat. This practice fits well with the use of a strip cup 
as a control measure for mastitis. 

Clean Barns. Whenever possible, the barn should be located 
on high ground with good natural drainage and at a good dis- 
tance from poultry houses, hog pens, manure piles, or other 
surroundings that might pollute the barn air and furnish breed- 
‘Dg grounds for flies. 

The lloor of the barn should be nonabsorbent and smooth so 
that It can be easily cleaned. Drains should be provided so 
Uiat the lloors and walls can be washed. The stalls and mangers 
Sltould be such that they offer the least surface for collecting 
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dust and dirt and the least obstruction to the circulation of air. 
Good ventilation should be provided so that the air will be kept 
pure and clean, both for the health of the cows and to prevent 
odors being taken up by the milk. Too much light cannot be 
pror'ided; bacteria do not thrive m brightly lighted places, espe- 
cially in sunlight The light not only shows the presence of any 
dirt but also helps to keep the bam in a sweet condition. 



Fic. 46. Phtes exposed to the air ot a suhle. The plate on the leit was 
exposed 5 minutes and the one on the right for 10 minutes (Trout). 


The Stable ait should be kept clean. Dust carries bacteria, 
hence it is necessary in the production of clean milk to have the 
bam as free from dust as possible. Feeds containing dust should 
not be fed for some time before milking, nor should dusty bedding 
be used. Figures 46 and and 47 * shovv the effect of dust in the 
stable air. Figure 46 shows agar plates exposed to the air of a 
stable for 5 and 10 minutes, and Fig. 47 show’s agar piates ex- 
posed to the air of the same stable for 5 and 10 minutes just after 
hay had been put down Uic chute. Studies by several experi- 
menters 1 seem to indicate that the methods of management 
and air control as generally practiced in well-managed dairies 
have less influence upon tlie number of bacteria contained in the 
milk than was formerly belies ed. 

Care should be taken in the feeding of cows to protect the milk 

' W. Vo Exp Sto. Cire. 43. 

t Tticiis, Etters, Pa. &p. Sta.; N. Y. {Geneta) £ip. Sto. Bui. 409. 
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from contamination, both while it is being drawn and after it has 
been drawn. Certain feeds impart a good flavor to milk and 
others give an objectionable flavor. None of the feeds with 
strong odors, such as turnips or silage, should be fed immediately 
before or during milking. 

Clean Milker. The methods of the milker are important in 
tire production of clean milk. A man who is clean in his milking 



Frc. 47. 3?lates exposed to the air of the same stable as tliose in Fig. 46, 
out just after hay had been put down the cliute. The large number of 
colonics of bacteria indicate the presence of enormous numbers of bacteria 
on hay dust. The plate on llie left was exposed 5 minutes and the one on 
the right 10 minutes (Trout). 

Operations can produce high-grade milk in almost any barn, 
whereas the careless milker cannot produce good milk under 
the best barn conditions. 

The milker should be healthy, and should avoid exposure to 
communicable diseases. When a high-grade milk is being pro- 
duced, especially if it is not pasteurized before consumption, it 
>s desirable tliat the men doing the milking be examined for evi- 
dence of septic sore throat, typhoid, or other diseases, because 
apparently healthy people may be carriers of certain disease 
germs. 

The milker should take special care of his hands and should 
always milk with dean, dry hands. If the teats are hard and dry 
and it seems necessary to moisten them, a small quantity of lano- 
lin may be applied after they have been washed. The milking 
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should be done quickly and thoroughly Clean clothes should 
always he worn by milkers 

Small-Top Milk Pails Since a large part of the dirt found in 
milk falls from the body of the cow into the pail at milking time, 
the advantage of a small top milk pail is obvious The use of 
such a pail results m a cleaner milk and a lower bacteria count, 
because it keeps much of the dut from getting into the milk In 
a study of the effect of a covered pad m a stable where but little 
attention is given to tdeanlmess, the Connecticut Experiment 
Station * obtained the results shown m Table LXXVII A small- 

TABLE LXXVn 

Effect op Covekeo Paxl lv Stable Where but Little Care Is Given 
TO Cleanusess 


A Open Pad 


Number of 

Total 


Liquefy mg 

Experiment 

Dactena 

Bacteria 

Bacteria 

1 

811,900 

701 6C0 

28,780 

3 

9,100,000 

9 087,900 

4, ICO 

3 

3,113,000 

2 02o 000 

28,600 

4 

3,02o 000 

314 GOO 

30,000 

5 

4,470,000 

2 443 000 

2G,CC0 

0 

115 400 

21 040 

10,000 

Average 

3,459,200 

2,442 200 

18,op0 


B 

Pail with Cover 


1 

19 790 

13,330 

0 

2 

219 100 

189 800 

0 

3 

04 580 

27 000 

14 580 

4 

90 000 

32 000 

4,000 

5 

220 800 

81,000 

15,830 

C 

7,2o0 

3 oOO 

106 

Vi erage 

103,600 

07,800 

5,700 


top p=.l may seem awkward at firet but with a little practice a 
milker will find it quite satisfactory 
Handlmg the M.lk ITie mjk should be removed to the milk 
house uumediately after rt « drawn Contamination may take 
* Stom ( Conn ) Exp Sta BuJ 48 
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place if it is left in tlie bam. Milk readily absorbs the odors of 
the stable. 

The milk should then be strained into cans. If tlie cows are 
carefully milked tlie straining should not be necessary. It is im- 
possible to strain bacteria out of milk. However, it is usually 
desirable to strain the milk in order to remove any hairs or 
particles of bedding or feed that may have dropped into it. The 
strainer should be of the single-service-pad type, and a clean pad 
should be used at each milking. This will remove more of tlie 
sediment than the wire-gauze or cloth type of strainer, both of 
wliich are difficult to clean and sterilize and tlius cause more 
work and poorer quality of milk. 

Cooling the Milk. Proper cooling is one of the essential factois 
in the production of high-grade milk. Even though milk has been 
carefully produced, it will contain a large number of bacteria 
when it reaches the consumer unless it is properly cooled and 
held at a low temperature until it is delivered. It is impossible to 
produce milk wi^out some bacteria; the point to observe is to 
prevent the multiplication of the bacteria that have gained access. 
If the temperature is held below 50®F. the increase in the 
number of bacteria will be slow; whereas a temperature much 
above 50®F. will cause them to increase rapidly. Table LXXVIII 
shows the importance of keeping milk cool.® 

TABLE LXXVIII 

Effects of Varying Temperatures upon the Bacteria Growth 
IN iVIlLK 


Temperature 

Maintained 

for 12 Hours, ®F. 
40 
47 
50 
53 
60 
70 
80 


Bacteria 
per cc. at 
End of 12 Hours 

4,000 

0,000 

18,000 

88,000 

433,000 

8,800,000 

55,300,000 


There are various means of cooling milk. When the milk is 
sold for manufacturing purposes and the restrictions on tempera- 
• .V. y. Dept. Agr. Clrc. 10. 
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ture and bacteria counts are less strict, the cooling may be taken 
care of by immersing the cans of milk m a tank of spring or we 
water 



Fic -18 Cold wall uulX-cooling taak (Moionnler Bros ) 


When rmlk is to be used as market nnlk with a low tempera 
ture and a low bactena count rc<iuired it is necessary to have a 
intchanical cooler The simplest of these is a wet storage box, 
where the cans of milk arc set in the water cooled by refngcra 
tion This s>steiii may be modified by pumping the precooled 
water through an aerator and cooling the milk before it is stored 
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in the wet storage. The precooled milk may also be stored in a 
cold air or walk-m type dry storage. 

The cold-wall tank is the latest development in milk coolmg 
It IS a stainless-steel refrigerated tank The milk is poured di- 
rectly into it instead of into cans When the pipeline system of 
milking is used the milk goes directly from the udder of the 
cow through sanitary pipes to the tank The milk is then 
pumped into a tank truck for delivery to the milk plant, or it 
may be run directly into cans for delivery. 

Utensils. It IS important that the dairy utensils be seamless or 
constructed with smooth, filled joints and corners so that they 
may easily be kept in good condition Rusty tinware should not 
he used One of the most common sources of contamination of 
milk is the utensils In one expenment, milk drawn into sterilized 
pails had an average bacterial count of only 6306 per cubic centi- 
nieter, whereas samples from a pad that ha<f not been sterilized 
contained, on an average, 73,308 bacteria per cubic centimeter 
Even when the utensils are well washed and presumably well 
cleaned, bacteria may exist and increase very rapidly in them 
Utensils should first be washed with lukewarm water, then 
'vith hot water and a detergent that includes a wetting agent, 
^ot soap They should then be rinsed and sterilized Utensils 
^ ould be sterilized by exposing the utensils to steam for several 
minutes by placing them m a sterihzer under pressure or by 
^^mg a chlorine solution A rinse with chlorine solution just 
cfore use is a recommended practice The effect of stenhzation 
of dairy utensils is shown in Table LXXIX 

Iilking Machmes. High quality milk can be produced with 
milking machines There is little opportunity for any extraneous 
"^^terial to get into the milk if the udder and teats are washed 
the teat cups are handled with care When the milker 
including all parts that the milk comes into contact with, 

^ t oroughly cleaned and sterilized, milk with low bacteria count 
^3ii be produced However, without such precaution the milker 
one of the greatest sources of contamination 
'-'Leanlnc and Steiuuzing KliuaNG Machines A milking ma- 
'ine should first be rinsed m lukewarm water and then washed 
and sterilized It may be disassembled and washed 
same manner as tlie other utensils and reassembled just 
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examine the milk itself, as it reaches the market, by means of acid 
tests reductase tests sediment tests or bacteria counts Some 
times two or more of these tests are combmed 
The second method of inspechon consists of an examination 
of the conditions on the farm Such factors as tlie health of the 
cows the condition of the stable and the methods used are taken 
into consideration Many cities employ a combination of the two 
systems 

Exammation of the ^fdk hfdk that contams considerable 
sediment as mdicated by the sediment tester, shows plainly that 
it has been produced under unclean conditions The acid test 
and the reductase test may indicate the age of die milk rather 
than Its cleanliness The presence of a large number of bac 
tena may be due to the age of the milk poor coohng or to the 
number of bacteria m the milk when it was drawn from the cow 
A small number of bacteria m raw milk however mdicates that 
the milk has been produced under clean condihons and properly 
cooled The number of bacteria found in a sample of raw milk 
depends upon three factors the number of bacteria m the udder 
at the tune the milk was drawn the number that have gained 
access to the milk since jt was drawn and the amount of growth 
or increase that has taken place previous to the examination 
If milk IS properly produced and carefully handled it should 
contain relatively few bacteria even though it is held for some 
time before bemg put on the market 
Exammation of the Conditions at the Farm When the condi 
tions at the farm are examined they are usually rated by means 
of an inspection form (page 524) It will be noted that the m 
spection includes both the equipment and the methods The m 
spection form is useful in mdicating the various points to be con 
sidered in the production of high grade milk The mspection 
form m this way not only serves as a guide for the inspector but 
also indicates to the dairyman the improvements needed in his 
bani milk house equipment, and methods in order to produce 
clean wholesome milk 
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The marketing of milk and milk products is, from the financial 
point of view, of the greatest importance Successful operation of 
many farms is dependent upon the mcome from the milk sold, 
particularly when dairying is the major enterpnse In some lo 
caUties only one method of disposing of the milk is available, 
whereas m others the producers may have a choice of several 
methods The kind of market to which the milk is sold deter 
mines the quality requirements 
Fluid Milk The largest market for milk, especially m the east- 
ern states, IS milk for consumption mainly as fiuid milk Such 
milk must be of the highest quaUty and produced under the 
supervision of health authorities The majority of such milk is 
sold from the farm to the milk plant for processing and distnb 
uting to the consumer A small amount still is delivered from 
the farm direct to the consumer This latter method is referred 
to as the producer distributor system It is rapidly bemg ab 
sorbed by city plants Milk produced and sold retail obtains a 
considerably higher price than milk sold for manufacturing pur 
poses 

Manufacturmg Milk In a great many areas whole milk is sold 
for manufacturmg purposes Milk used m the manufacture of 
dairy products should be clean and sweet when delivered The 
sanitary requirements for such milk usually are not so stringent 
as for milk sold for bottling The mam outlets for manufacturmg 
milk are ice cream and milk powder plants, condensenes, cheese 
factories and creameries 

Sour Cream \Vhere the above markets are not available or the 
farmer does not choose to go to the expense or effort to produce 
such milk he may separate his milk at the farm and sell sour 
cream to a creamery The sour cream producer is usually a 
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farmer who keeps only a few cows Sour cream need not be de 
livered oftener than 2 or 3 times iier week The skiin milk can 
be used to good advantage on the farm for feeding calves, poul- 
try, and swine In the past, a large amount of butter was made 
on the farm for sale or for home use This practice has declined 
and the output now is relatively small 

USE OF MILK 

The total milk production m tlie United States ® for 1950 was 
57,387 million quarts, with a value of $3,763,459,000 The por 
tion of the milk used for various purposes was 

Per Cent 


Fluid Milk used m cities and villages 37 3 

used on farms 10 1 

Butter creamery 22 7 

farm 4 3 

Cheese 0 5 

Evaporated and condensed milk 5 6 

Powdered whole milk 0 8 

Ice cream 5 1 

Fed calves on farms 2 7 

Other uses 1 3 


METHODS OF SELLING MARKET MILK 

Producer Distributor A small amount of milk still is being 
sold by the producer directly to the consumer The distribution 
^oiilk IS a business itself, separate from that of milk production 
niilk must be bottled and often pasteurized The consumer 
Pf'ce IS received by the dairyman in tins method but there is the 
additional expense of equipment, bottles bottlmg the milk, clean 
'"Jg the bottles, delivery of the milk, and collecting for it These 
dihonal costs and the necessity of more labor have caused most 
Producer distributors to drop the delivery portion of their busi- 
and to sell milk wholesale to a milk plant 
Wholesale to Distributor Milk is usually sold to the dis- 
s plant or receivmg stations In most cases the milk is 
^ S Ccnjfw Rept , 1950 
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The marketing of milk and milk products is, from the financial 
point of view, of the greatest importance Successful operation of 
many farms is dependent upon the income from the milk sold, 
particularly when dairying is tlie major enterprise In some lo 
calities only one method of disposing of the milk is available, 
whereas in others the producers may have a choice of several 
methods The kind of market to which the milk is sold deter- 
mines the quality requirements 

Fluid Milk The largest market for milk, especially in the east- 
ern states, IS milk for consumption mainly as fiuid milk Such 
milk must be of the highest quality and produced under the 
supervision of health authorities The majority of such milk is 
sold from the farm to the milk plant for processing and distrib 
utmg to the consumer A small amount still is delivered from 
the farm direct to the consumer This latter method is referred 
to as the producer distnbutor system It is rapidly bemg ab- 
sorbed by City plants Milk produced and sold retail obtams a 
considerably higher price than milk sold for manufacturing pur- 
poses 

Manufacturmg Milk In a great many areas whole milk is sold 
for manufacturing purposes Milk used in the manufacture of 
dairy products should be clean and sweet when delivered The 
sanitary requirements for such milk usually are not so stringent 
as for milk sold for botthng The mam outlets for manufacturing 
milk are ice cream and milk powder plants, condensenes, cheese 
factories, and creameries 

Sour Cream Where the above markets are not available or the 
fanner does not choose to go to the expense or effort to produce 
such milk, he may separate his milk at the farm and sell sour 
cream to a creamery The sour cream producer is usually a 
saa 



529 


Methods of Selling Market Milk 

farmer who keeps only a few cows. Sour cream need not be de- 
livered oftener than 2 or 3 times per week. The skim milk can 
be used to good advantage on the farm for feeding calves, poul- 
try, and swine. In the past, a large amount of butter was made 
on the farm for sale or for home use. This practice has declined 
and the output now is relatively small. 

USE OF MILK 

The total milk production in the United States ® for 1950 was 
57,387 million quarts, with a value of $3,763,459,000, The por- 
tion of the milk used for various purposes was: 


Fluid Milk: used in cities and villages 

Per Ce7it 
37.3 

used on farms 

10.1 

Butter: creamery 

22.7 

farm 

4.3 

Cheese 

9.5 

Evaporated and condensed milk 

5.0 

Powdered whole milk 

0.8 

Ice cream 

5.1 

Fed calves on farms 

2.7 

Other uses 

1.0 


METHODS OF SELLING MARKET MILK 

Producer-Distributor. A small amount of milk still is being 
sold by the producer directly to the consumer. The distribution 
of milk is a business itself, separate from that of milk production. 
The milk must be bottled and often pasteurized. The consumer 
price is received by llic dairyman in this method, but there is the 
additional expense of equipment, bottles, bottling the milk, clean- 
ing the bottles, delivery of the milk, and collecting for it. These 
additional costs and the necessity of more labor have caused most 
producer-distrilmtors to drop the deliver)' portion of their busi- 
ness and to sell milk who]es.iIc to a milk plant. 

NVholesale to Distributor. Milk is usually sold to the dis- 
trihutor's pl.ml or receiving stations. In most cases the milk (5 
* U. S. Cctuui /Icjif., 1950. 
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picked up at the farmer s milk house and delivered to the plant 
by a plant truck or an mdependent contract hauler, and the cost 
of hauling is deducted from the price of milk 


Sellmg the Milk for the Fluid Milk Market 

Dairymen sometimes make their own contract with the milk 
distributor This method is more common with small plants, but 
is decreasing in practice Often especially in the larger milk 
sheds the dairymen are organiaed into a milk producers’ coopera- 
tive The purpose of such organizahons usually is not to actually 
handle the milk but to serve as bargaining associations m selling 
milk collectively to the distributors In fewer instances, the co 
operative operates a plant and processes and distributes the mem 
beis milk 


Methods of Faying for Fluid Milk 

Milk marketing is a comphcated business because milk is a 
perishable product both the supply and demand are variable 
and the milk supply ultimately goes into many different uses 
Various methods of paying for market milk have been developed 
such as the following 

(1) Base Surplus Plan The amount of milk produced in most 
milk sheds is greater during the spring months and lower during 
the fall months In order to compensate the dairyman who mam 
tains a high fall production when mote milk is needed many 
markets operate on the base surplus plan The base period is 
established during the lower production months using a period 
of 3 to 6 mondis A dairymans base is established by the aver 
age amount of milk delivered during the base period His base 
may be modified in future years if production dunng the base 
making months is changed This encourages the dairyman to 
produce a more uniform supply throughout the year A dairy 
man s base figured as a certain percentage of all bases on a spe 
cific market indicates bis portion of the total market Milk de 
bvered in excess of the allotted base amount is paid for on the 
surplus milk value 
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(2) MUk-Use Basis. Payment for milk on the basis for which 
it IS used IS generally a part of tlie milk-pricmg structure The 
niilk bottled as whole milk or sweet cream is paid for at the 
highest puce, and usually is referred to as Class I milk The milk 
used for ice-cream manufacture and condensed milk is paid for 
at a lower price and is called Class II milk All other milk is 
called Class III milk and IS used largely for butter or cheese This 
rnilk IS the lowest-priced milk 

Under tlus system the same quality milk is paid for at three 
different levels of prices The system is a fair one, however, for 
both the distributor and producer if the three prices are arrived 
“1 fairly and correctly for tliat market The producer is assured 
of receiving the highest price for all the milk that is sold as 
I'ottled milk or cream The distributor, on the other hand, can 
afford to pay the higher price for all the milk sold as bottled 
n>dk since he gets the remamder of tlie milk at a price consistent 
W'lh the use that he can make of it A combination of the 
base surplus and the milk-use systems appears to be a rather 
aomphcated method of payment for milk, but it is workable and 
'‘sed in many markets 

w) Take-Off and Pay-Back Plan. The base-surplus method is 
■lelpful in many markets in levelmg out production throughout 
o'o year In some markets other methods appear to be more sat- 
'^•actory and to get results in a shorter period of time One 
Market that had its lowest production in November and the 
■Shest production in May over a period of years, established 
j following system A deduction of 50 cents per 100 pounds 
“ milk is made for all mdk delivered in April The total amount 
rducted is held in a fund and added to the price paid for milk 
Uivered in October Since there is less milk delivered in Oc- 
oar than in April, tlie amount added to the October price is 
jJ^ater than 50 cents per 100 pounds Likewise, 75 cents per 
pounds IS deducted from tlie May milk and added to the 
Poce of the November inilk, and a 50 cents deduction from the 
IS added on to the December milk This method has 
might the supply of milk quite close to the demand for it 
olh Test and Piucc Tlie butterfat test of milk is aii- 

that affects the price The coininoii practice is to 


"■"talilish i 


price per 100 pounds of milk with a specified hiiltcr- 



532 Marketing Milk 

fat test Four per cent butterfat is the usual basis for pricing, 
however several markets have established their base at as low as 
35 per cent butterfat There is a tendency to have this base 
as near as possible to the general average of the milk sold in the 
market A price differential is set up for milk testing above or 
below this amount The differential is a certain number of cents 
for each 0 1 per cent butterfat variation 

If the established price is $500 per 100 pounds of 4 per cent 
milk with an Scent butterfat differential milk testing 45 per 
cent would sell for $5 40 per 100 pounds and 3 5 per cent milk 
would sell for $4 60 per lOO pounds This differential vanes in 
different markets 

Gallon oh Quabt Basis Occasionally a producer supplies 
milk to a distributor on a pet gallon or per quart basis Tins 
method is used by only a few small distributors As average 
milk weighs 2 15 pounds to the quart and 8 6 pounds to the gal 
Ion 100 pounds of milk would be equivalent to 465 quarts or 
11 6 gallons These figures may be used to compare the returns 
for selling milk by different methods 
Speual Milks Some milk is produced and sold as special 
milk which commands an increased price Certified milk is pro 
duced under special sanitary conditions prescribed by the Amen 
can Association of Medical Mdk Commission and is usually sold 
at a higher price than ordinary milk 

Golden Guernsey milk is produced by purebred Guernsey 
herds that comply with the regulations of the American Guernsey 
Cattle Club and is sold under the Golden Guernsey” trademark 
at a premium of a few cents per quart above regular milk 

Jersey Creamlme milk is produced by purebred Jersey herds 
that comply with the regulations of the American Jersey Cattle 
Club and is sold at an advanced price as “Jersey Creamlme” milk 
and also with the trademark JehZ 

Premiums for QuALmr In a few markets premiums are 
payed for milk that meets certain quality standards such as a 
high bam score and low bactena counts 


MILK CONTROL BOARDS 

Several states have milk control boards or milk commissions 
that have the power to establish die price of milk to the producer 
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and consumer. They also are charged with licensing producers 
and distributors. The purpose of these hoards is to assure the 
producer fair prices and fair trade practices which, in hum, pro- 
vide good assurance to the consumer that an adequate supply of 
high-quality milk will be furnished. There is also a federal 
milk-marketing law that may operate in establishing prices 
where the market is organized under this law. 

SELLING MILK FOR MANUFACTURING PURPOSES 

Milk for manufacturing purposes is sold for a lower price than 
market milk. It cap be produced somewhat cheaper since there 
is not the necessity for adhering to such strict regulations of mUfc 
ordinances, and there is usually no surplus problem. Neither is 
there the same necessity for a uniform production throughout the 
year, even though this would be desirable. 

Plants using milk for the manufacture of dairy products are 
usually located away from large centers of population so that they 
will not be competing with market-milk distributors. 

The majority of the mUk produced primarily for this purpose 
comes from farmers with fewer cows and more limited facilities 
than grade A producers. Many of these farmers, if properly lo- 
cated, are building up their herds and facilities so that ultimately 
ihey may sell their milk for use as market milk. 

Condcnscrics and Powder Plants. Milk plants that condense 
or powder tlie milk utilize .all of tlie solids of the milk. The price 
■s usually based on a formula which takes into account tlie price 
of butter and of tlie nonfat milk solids. The price is quoted to 
the farmer as a certain amount for 4 per cent milk (or some 
other base) witli a stated fat differential. 

Cheese Factories. In the manufacture of cheese, some of the 
milk solids remain in the whey. Whey contains most of the lac- 
tose, albumin, minerals, and some of the fat. Whey has some 
Value commercially. It also has some feeding value, cither in 
the liquid fonn or as dried whey. The whey may be returned 
to the producer for lisestock feeding. 

The price of milk for cheesemaking is based on the price of 
cheese. The price is usually staled on a 100 pounds of standard 
test milk with a fat ddferenlial. On the aserage, about 10 
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pounds of cheese can he made from 100 pounds of 4 per cent 
milk 

Selling Sweet Cream Some dairymen are so situated that 
they can sell sweet cream to ice cream manufacturers or for mak* 
ing sweet cream butter Sweet cream may be sold on the basis 
of the pounds of fat that it contains or at a stated price per gallon 
of cream of a certain test Smglc cream, also called coffee cream 
contains 18 per cent fat Whipping cream or double cream, 
usually contains 35 or more per cent of fat 


Per Cent of 
Fat m Cream 
0 
10 
20 
30 
40 
30 
00 


TABLE L\\\ 
VtsioitT or Creah 

Specific Gravity 
of Cream 
I 036 
I 024 
I 015 
1 002 
0 901 
0 980 
0 970 


W eight per Gallon 
of Cream pounds 
8 04 
8 54 
8 4j 
8 5>> 

8 20 
8 17 
8 09 


Sellmg Sour Cream The selling of sour cream for creamery 
butter making usually results in the smallest cash return of any 
method of selling milk Of course the skim mdk is left on the 
farm for feedmg Sour cream is sold on the basis of the pounds 
of fat that It contains The pnce of fat is based on the butter 
market Fanners just starting m the dairy business often market 
sour cream and later switch to the marketing of whole milk 
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Dairy Buildings. 
Types and Anangements 


The dairy barn and milh house, more than any other buildings 
on the farm, require special and somewhat specific details of ar- 
rangements and cdnstruction In the first place, they must con- 
form to die requirements of the health authorities, who requure 
buildings where clean and safe milk can be produced In the 
second place, the bam should be comfortable and healthful for 
the animals, and finally, they must be so arranged that die woik 
can be done in the shortest time and with the least expenditure 
of energy 

The future dairy barn will probably be vastly different from 
the conventional ones that have been common in the past This 
IS tme for several reasons First, the cost of building has in- 
creased so greatly that most dairymen cannot afford to build the 
kind of barns that have beenjbuilt in the past Second, greater 
consideration must be given t^ the conservation of labor, and, as 
a result, many features will be incorporated that have not been 
used m the past Third, the new methods of harvesting and stor- 
ing crops call for a new and different type of storage in dairy 
barns, especially for the roughages Just what the conventional 
type of bam will be in the future is speculative, but it is certain 
to be different from the one in the past In fact, the change lias 
already started 

Location. The barn should always be on an elevated area 
where there will be good drainage away from the barn How- 
c\cr, on account of the cold winds and the occasional difficulty of 
secunng sufficient lend area for all of the needed buddings, this 
IS not alw ay s possible Good drainage and healthful surroundings 
arc of first mqKirtancc in the location of a dairy bam Of course 
it IS essential ih it a good supply of fresh water be a\ailablc. 
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Grouping the Buddings AH the dairy farm structures must be 
considered in planning the location and general layout of the 
buildings The location of the bam must be related to the crop- 
land, the pastureland, tlie farmliouse, and the roads and lanes 
The farmhouse will usually be given the most prominent loca- 
tion and the most attractive view It is usually the building near- 
est tlie highway but if it is a mam highway witli heavy traffic, 
the house should be located several hundred feet from it Tlie 
bam and otlier farm buddings may be located m the rear of or 
to the side of the house, at least 100 feet away from the house 
The area between the house and bam, called the service area, 
should he free from fences and gates, no an!ma]s should bo al- 
lowed The milh house should be located on the side of the 
bam next to the service area The other buddmgs may be 
grouped around, this area or may be located away from the mam 
bam 

Cow Lots and Lancs Several lots should be provided, one 
of which should be near the bam in vvhich the cows can be 
turned each day during the winter months when they are for 
the most part confined to the bam Unless the lots open di 
rectly into the pastures, a lane roust be provided to get the cows 
to and from pasture This lane should be well drained to keep 
it as free from mud and mire as possible The bam lot itself 
should be paved, either with concrete, with an asphalt gravel 
mixture, or with a fill of stones and rocks rolled to a tight, 
smooth surface It should be kept as free of mud as possible 
The roads from the bam to the mam road and to the fields are 
important and should be stoned or graveled and kept in good 
shape Since the feed and bedding that must be hauled to the 
bam each year averages between 6 and 10 tons per cow and 
from 8 to 10 tons of manure per cow must be hauled from the 
bam, it IS important that these farm roads be given attention 
These roads must be used in all kinds of weather, often when 
the ground is wet and soft 

Types of Dairy Bams Two general types of dairy barns are 
m general use at the present time the conventional dairy bam 
and the loose housing bam m combination with some type of 
milking bam or parlor Each type has advantages and dis 
advantages Requirements of the health authorities, cost of 
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construction, labor-saving features, and custom influence the 
type of barn that will be built. 


THE CONVENTIONAL DAIRY BARN , ^ ' 

The conventional dairy barn is a rectangular barn of either 
one- or two-stoiy construction. A one-row arrangement can 
be used if the herd is small, but if more tlian ten stalls are re- 
quired, two rows are preferable from the standpoint of con- 
venience, space required, and cost. More than two rows are 
objectionable because there must be many posts to support the 
floor or roof, and there is also diflBculty in lighting and ventilating 
such a wide bam. * 

Two-Story Bams. The two-story dairy bam furnishes housing 
for cattle and the storage of tlieir feed and bedding in one com- 
pact building. Such a building requires only one foundation 
and one roof, but it does require much heavier and stronger 
construction than does the one-story barn. In the two-story 
barn, the feed and bedding is conveniently located, which is a 
great advantage, especially when loose hay and bedding are used. 
A greater fire hazard exists in this type of barn since many fires 
start in the hay storage and seldom can be brought under con- 
trol. Sometimes a reinforced concrete mow floor is built for fire 
protection, but this type of construction adds to the e-vpense. 

Onc-Story Bam. The one-story barn is a standard stanchion 
batu with hay and bedding storage in a separate or adjoining 
building. The one-story barn can be constructed of lighter ma- 
terial and is less costly. When hay and bedding are baled they 
can easily be moved into the dairy barn for feeding and bedding. 
If not baled there is more difficulty in handling them than when 
they are stored overhead in a two-story barn. 

Arrangements of Bam, Under average conditions, it requires 
from 125 to 150 man-hours of labor per cow per year, which is 
more than for any other animal on the farm. The dairyman is 
inturested in reducing this labor cost and there is no easier way 
to do Ibis than to have evcrylhing in the bam arranged for doing 
the work in the shortest lime possible and with no unnecessary 
iteps. Many things must be considered in such an arrange- 
ment, which will be taken up in the following discussion. 
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Facing Cows In or Out Tlicrc are advantigcs and disad\an 
tages to both systems of facing the cows but for most conditions, 
facing die cow out will reduce the labor A study " of the tune 
required to care for a dairy herd showed that 15 per cent of 
the tune was spent in front of the cow 60 per cent behind the 
cow and 25 per cent in other parts of the barn and in tlie milk 
house Since 4 limes as much time lias to be spent behind the 
cow as in front of her it is important that this area should be 
given first preference In cleaning the bam and m milking the 
cows there is an advantage in having a wide middle alley in 
the center of the bam in which to do the work There arc no 
side walls behind the cows to keep clean and often a manure 
spreader is driven through the barn ami tlic manure is liandled 
but once When litter earners ire used only one trick through 
the bani is necessary and there is only one alley to be cleaned 
each time the cows enter or leave the bam 
Those who prefer to face the cows in believe (fl) that cows 
make a better showing for visitors when the heids are together 
(h) that the cows arc easier to get into their stalls (c) that the 
suns rays shine m the gutter where it is most needed and (d) 
that the feeding of the cows is mide easier because both rows 
of cows can be fed without back tracking 

Size of Barn The width of the barn should not be less than 
18 feet for one row of stalls or 36 feet for two rows The length 
of a barn will depend upon the number of stalls their width 
and the number and width of cross alleys A barn should not 
be much longer than 125 to 150 feet Usually when large herds 
are kept the barns are divided into units eacli holding about 
fifty cows Baras much longer than 125 to 150 feet are unhandy 
to work in as there is too much walking to carry the milk and 
feed There is afso a greater fire hazard in keeping a farge num 
ber under one roof A cross alley should be provided at each 
end and in the center when more than 15 stalls are in a row 
The height of the ceiling should be 8 to 8V^ feet In cold 
climates higher ceilings may result m cold bams but m the 
southern areas the ceiling may be higher to provide more com 
fort m the summer 

^ Aftcft Quart Bui 3015(1947) 
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Windows. There should be sufficient windows to provide at 
least 4 square feet of light for each cow Windows should be 
spaced to supply hght to every part of the barn When glass 
blocks are used, the area should be increased by 50 per cent 
The windows should be made flush with the inside wall so that 
there will be no ledges to collect dust and dirt The upper 
sash should be hinged at the bottom and set in a frame with 
sluelds on the side so that by tipping it mward at the top it 
forms an air intake that directs the incommg air toward the ceil- 
ing and prevents a draft on the animals In warm areas it may 
be the only ventilation used It is known as the “Shermgham 
System” of ventilation 

Stalls. It IS quite important to have the proper size of stall 
Improper size of stalls results in dirty cows and bams, injuries 
to udders that may lead to mastitis, brmsed hocks, and other 
injunes The size will vary with the size of the cow and tlie 
kind of tie that is used Tie stalls require more space than 
stancluon stalls, but the lengtli and width of stalls should vary 
so that different sized cows can be accommodated Most stan- 
chions can be adjusted a few inches to accommodate different- 
sized cows To determine the proper length of a stall for a cow, 
measure the horizontal distance from tlie pomt of the shoulder 
to the pm bone This distance plus 3 inches gives the correct 
length from the rear of tlie manger curb to tlie edge of tlie 
gutter If tie stalls are used, the distance may be increased 
slightly 

The Width of the stall should be about 80 per cent of the 
length Cows should have sufficient room for comfort and should 
be able to he down without the danger of their udders being 
stepped on by the cows next to them The stall should be long 
enough so that when the cow lies down the entire udder will 
be on the pi itfonn instead of hanging over the edge of the gut- 
ter Care must be taken, however, not to ha^c tlie stalls too 
long since this leads to dirty cows, especially on tlie flanks and 
udders Table LXXXI gives a range in sue of stalls for cows 
of different breeds It must be recognized that cows of the 
same breed differ grcatl> in size First calf heifers will need 
smaller stalls than mature cows 
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table LVs.'^I 

in Sun or Srxu. ro« Co„» or DirrcnsT Bnnnas 


Breed 

SLn 

Mai. 

Mm 

^lax 

Ayrshire and 

3 ft 8 m 

4 ft 0 in 

3 ft. 8 m 

4 ft Oin 

4 ft 0 m 

5 ft 0 m 

Guembcy 
HolsUm and 
Brown Snmss 

torcPV 

4 ft 4 m 

3 ft 10 in 

4 ft 10 in 

4 ft 4 m 

j ft Cm 

4 ft 10 in. 


Tn» oi.tters should be 8 inches deep on the stall 

f Iche! deep on the alley side This difference is 

side and 6 inches P 

'”^'^°t nn'a'their "stall rather than to step over a deep gutter, and 
in entering * 5 „ a little better when they 

r hide tghe ^irwidth oF the gutter should be 16 
' u K ost Sis have right angle comers and are level on 
Horn Some have been bu.lt with round bottoms and 
the bottom ^ ^h ,ho behel that the liquid will 

others sloped toward to , ,^, 5 ^ 

trs':trS;SSry and such gutters are harde. 

to clean ,1 ™tter cleaner is to be used a deepe 

S“s necessary and the depth is the same on both side. 
SheSX alJy way must be ramped up .1 the gutter crosse 

tVif» allev at each end of the barn 

Mangers Two common kmd of feed mangers are m 
X L low manger and the high back manger In tl 
nam y, raised even with the top of tl 

SreSSF-fleedUd or dirowu out can easily 1 

ThlhigtbalwSmltnp above die feed alley .0 vario 
heS It prevents die eow from throwing out as much fe, 
U r, C „nt so easy to get spffled feed back mto the manger 
ISe l“cSger The high manger with tie smffs 1 
The aStage of not allowing the cow to push tcrward so 
td fsaid to be more sanitary since spilled feed when wall 
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over, will not be swept into the manger. In practice, however, 
this feed is not usually wasted but is picked up and fed. 

Feed Alley. The feed alley needs to be wide enough to pro- 
vide ample room for feed and silage trucks. There must be 
room to turn into the cross alleys, and in bams where the cows 
face out the alleys should encircle the entire bam so that the 
entire herd can be fed with one trip without back-tracking. 

Cross Alleys. Cross alleys at each end of the bam are essen- 
tial, since they permit tlie circling of the bam when feeding and 
will save many steps. When there are more than 30 stalls in 
the bam, a cross alley should be put in tlie center also, and usu- 
ally the milk room is located opposite the center cross alley. 
Such cross alleys are convenient in saving steps in many ways 
when caring for the cows. 

Litter Alleys. Where cows face out, the litter alley should 
be wide enough to permit the driving of a manure spreader 
througli for the cleaning of the bam or a truck for hauling bed- 
ding into the bam. The alley should be 8 feet from gutter to 
gutter. When the cows face in, the distance should be at least 
5 feet from gutter to wall, as the greater the width the less 
splash on the walls. 

Floors. Concrete is the material most often used for the floors 
of cow stalls and the floors of the rest of the bam. There are 
some other materials being used in a limited way but none have 
been found tliat will withstand hard usage as does concrete. 
Some asphalt products mixed with cement and sand have tlie 
advantage of being easier on the cows’ feet and udder, but do not 
have good lasting quality. Cork brick, creosoted wood blocks, 
and rubber mats have been used in cow stalls instead of con- 
crete, but none of tliem is as durable as concrete. If ample 
bedding is kept under tlie cow, tlie objections to the concrete, 
namely, that it is liard and cold, may be overcome. 

The floor of the dairy bam should slope to central drains, 
allowing about 1 inch fall for each 10 feet. Such drainage will 
facilitate the cleaning of tlie bam witli the use of large quanti- 
ties of water. These drains should be so conslmctcd that tliey 
can be closed entirely, to prevent loss of the liquid manure; or 
they may be provided with a double opening so that liquid 
manure can bo caught and carried to a cistern, and when the 
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barn is being washed the washings can be run into the regular 
drain The surface of the floorSj especially where cows are to 
walh, should be properly roughened to prevent danger of the 
cow slipping 

Walls. The most desirable walls for a dairy bani are of con- 
crete or some kind of masonry, although almost any kind of ma- 
terial may be used Some kind of smooth masonry up to tlie 
base of the windows is helpful m keeping the bam clean Such 
can be washed without harmful effects 

It has been the custom to paint the walls and ceiling of the 
dairy stable a white or light gray color, since these colors reflect 
the light throughout the barn and give it a clean appearance 
Some successful experimental use has been made of some otlier 
colors, such as light green, light blue, and buff The walls and 
ceiling should be easily cleaned and should look attractive 
Ventilation It is important that proper change of air takes 
place in the barn A well ventilated barn is essential for several 
reasons (1) Cows need an abundance of fresh ajr if they are to 
produce their best and keep healthy (2) Improper ventilation 
results in a damp, moldy barn, which often leads to unhealthy 
animals (3) Improper ventilation results in a barn with bad 
odors, ob)ected to by health authorities (4) Improper ventila- 
tion causes too much moisture jn the barn, with the result that 
the wooden parts of the barn will not last for a long period of 
time, and metal will rust 

A>rouNT OF Am Needeo A 1000 pound cow inhales about 224 
pounds of air in 24 hours, which is about twice the amount by 
weight that she consumes m food and drink It is therefore im 
portant that an abundant supply of fresh air be provided at all 
times 

Moisture When the stable is not properly ventilated the air 
becomes full of moisture A cow will expel from 12 to 18 pounds 
of moisture per day Stable air contains a varying amount of 
moisture The warmer the air the more moisture a given vol- 
ume will hold When the an is loaded with moisture it is said 
to be saturated The temperature at which the moisture will 
begm to condense is known as the dew point When cold air 
entering the stable from the outside is warmed by the heat of 
the anunal, it dries the air m the stable by absorbing the mois- 
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ture and preventing it from forming on the side of tlie barn 
If not enough air gets into the stable to absorb this moisture, it 
will condense on tlie walls and ceiling and a damp, unhealthy 
stable will result By keeping a continuous flow of cold air 
into and a flow of air out of the stable, this moisture will not 
form There are two ways to keep tlie air moving into and out 
of the barn, the gravity system and the mechanical system 
Qravitij Ventilation In the gravity system of ventilation, tlie 
difference between the inside and outside temperature is the 
most important factor influencing air movement in the barn 
An increase of 1 degree in temperature in the stable will increase 
the volume of 491 cubic feet of air by 1 cubic foot Thus, when 
the bam air is wanned by the heat of tlie cows, this increase 
causes the air to expand against the outside wall, and when tliere 
is a flue it tends to force the air through the flue and out of the 
barn Tins makes it possible to use a method of ventilation that 
is automatic One of tlie first and best of these methods was 
developed by Professor King at the University of Wisconsin and 
is known as tlie King system of venhlation 
King System of Ventilation A 1000 pound cow inhales about 
224 pounds of air in 24 hours, which amounts to 3542 cubic feet 
per hour, or 59 cubic feet per minute Air has been found to 
move through a flue 1 square foot m size at the rate of 295 cubic 
feet per minute For the King system, the size of outlet needed 
to pass this air out of the barn should be computed For ex- 
ample, to ventilate a bam holding -50 cows, the fomiula would 
be 59 cubic feet air X 50 cows = 2950 cubic feet of air per 
minute to be removed Then, 2950/295 = 10 square feel of out- 
take 

If two outtakes are used they must contain 5 square feet each, 
^vhlch would be supplied with two outlets 2 feet by 21/ feet in 
size, one near each end of the bam 

The intakes arc smalltr m size but more numerous for better 
distribution of air movement and the total square surface of the 
intakes should be slightly m excess of that of the outtakc Usu- 
, about I squ \re foot ( 10 inches X 1*1 mchts ) should be pro- 
Mded for every five or sex cows For a bam holding fifty cows, 
about four or five inlets, evenly distributed, should be placed 
on each side of the bani These should enter near the ceiling 
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but the outside opening of these inlets should be at least 3 feet 
below the inside opening m order to prevent the warm air from 
flowing out The outtahe of the King system extends to or near 
to the floor since theoretically it would there draw off the 
heavier, impure air and less of the warm air In practice how 
ever the outtake flues are taken off from the ceiling mainly be 
cause it IS inconvenient for the herdsman to have these large 
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flats extending to the floor The \entilation flues should be 
tiglit and if metal they should be insulated to prevent conden 
sation The outlets and intakes may be provided with dampers 
so that Uie rate of flow of air may be regulated Tins system 
works only when the bam is closed and tiglit It will not work 
if windows and doors arc open 

\fcchamcal Vcnfi/otion On farms where electric current is 
available the citetne fan is being used to force the air out of 
the bam The fans can be installed at less cost tlian tlie gravity 
s>slem but there is the continual cost of electricity It is usu 
ally recommended tlut the same kind and number of intakes 
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be provided as with tlie gravity system For a barn of 50 cows, 
it IS recommended diat two 14- or 18 inch fans be installed, one 
of which may operate continuously when needed, and the otlier 
should be thermostatically controlled so that it will operate only 
when needed This system gives more positive ventilation than 
does tile gravity system 

Window Ventdation The Shenngham System of venblation 
has already been discussed The windows are hinged at the 
bottom and set in frames with shields on the side so that the 
inflowing air is directed toward the ceiling thus avoiding drafts 
on the animals Such a system may be all that is necessary in 
the wanner climates where the barn can be kept open most of 
the time However, for the colder areas, this system is not rec 
ommended, since the warmer and not the coldest air is removed, 
the bam is inclined to be drafty, and the open windows inter- 
fere with the operation of the gravity or forced air systems of 
ventilation 

Storage Capacity. The average cow will consume 1 to 2 tons 
of hay yearly A ton of loose hay requires from 400 to 500 
cubic feet of space A little more space is needed per ton for 
straw, and ^ to 1 ton is used yearly for bedding an animal 
A ton of sawdust occupies 144 cubic feet of space, and 114 tons 
are needed per cow annually Baled shavings require 160 cubic 
feet per ton, and Y. to % ton is needed per cow yearly A cow 
eats from 3 to 5 tons of silage yearly, and a cubic foot of silage 
weighs about 40 pounds A storage capacity of approximately 
100 cubic feet is necessary for an entire year’s supply of the 
gram feed for a cow 

Teed Room and Silos The feed room and silos should be 
located ou the side of the barn cither at the center or near the 
end, depending on the length of the barn The feed room 
usually connects the barn and the silo There should be ample 
space m the feed room to store several days supply of feed and 
for the storage of the feed cart Often, the feed is stored on 
the second floor and the feed flows from the storage bm directly 
mto the feed truck The excess feed is stored and mixed on the 
second floor or m a separate building The silo should empty 
on the same level as the bam floor The silage is most easily 
lundkni m a silage truck 
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Milk House The milk house should be located on the side 
of the barn opposite the feed room, silos, and manure storage 
to avoid odors Usually, to save steps, the milk house is lo- 
cated near the center of the side of the bam It should not 
open duectly into the bam, but may be connected with a breeze- 
way, at least one side of which may be enclosed It should be 
located on the side of the bam next to the service area to permit 
access of the milk truck. 

A standard milk house has three rooms, one for cooling and 
storage of the milk, one for washmg the utensils, and the thud 
for the boiler and machinery for operating milkers, refrigeration 
units, etc Where electnc heaters are used for stenlization and 
heating of water, this thud room may be quite small or entuely 
eliminated 

THE LOOSE HOUSING DAIRY BARN OR 
OPEN-SHED BARN 

The loose housing of dairy cattle has been used for many 
years There has been a revival of interest m this system, as it 
lends itseU to the savmg of labor, lower stablmg costs, and more 
comfort for the cows It is used m conjunebon with a small 
milking building of some type, through which the cows are re- 
layed to be milked There are several systems of loose housing 
The early system was where the cows were turned into a com- 
mon area, where they were fed their hay and silage, and given 
access to a watering trough and a bedded area 
The plan now becoming i>opuIar is to separate the feeding 
and bedding area The hay and bedding may be kept on the 
ground floor The hay may be fed by allowing the cows free 
access to it in the bara or it may be fed outside m hay racks 
and the silage fed m silage bunks This area may be parbally 
under cover or entuely m the open and should be paved Vari- 
ous self feeding arrangements have been developed for feeding 
botli die hay and the silage The feeding area is not bedded 
and must be cleaned regularly The bedded area must have 
bedding added freely but needs to be cleaned only once or 
twice a year This area will require a head room of 9 to 10 
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feet to allow for a deep manure pack and the operation of a 
tractor loader 

The feeding area should be provided with from 2 to 2^ feet 
of manger space per cow The watering trough will be located 
in tins area A large part of the manure will be dropped here, 
which will keep die bedding area cleaner and will save bedding 
The entrance to the milking room may be from the feedmg place, 
preventing so much movement back and forward over the bedded 
section It should have a concrete floor so tliat it can be easily 
cleaned When the feeding and bedding areas are sepaiate, 
about 60 to 70 square feet per cow for tlie bedded area are 
required 

Amount of Bedding The loose housmg system requires from 
2 to 3 times as much bedding as a stanchion barn The neces- 
sity for this large amount of bedding is one of tlie greatest draw- 
backs to tins system of housing With more grassland farming 
and less gram giown, there is often not enough straw to do a 
good job of bedding That is one reason for dividing tlie feed- 
ing and bedding area This area must be kept well bedded 
Comfort and Health of Animals The loose stable system 
does not require that tlie barn be entirely enclosed In fact, 
it IS often better to have it open to the east or south The cows 
should be kept dry and out of drafts but no provisions need 
be made for ventilation when tlie barn is open When well fed 
they will produce just as well m loose housing with an open side, 
even in extremely cold weather, as they will in enclosed bams 
They may consume a little more roughage during cold weather 
The manure pack maintains a warm temperature, somewhere 
between 70® and 90®F a few inches below the surface, and this 
pack IS a warm, soft bed for the cows and is a protection for 
the udders Con\s will not suffer from knee or hock injuries. 
Will not become stiff and lame, and will have fewer tramped on 
udders and teats when m loose bams than when ke^it in stan- 
chions Of course, it is more essential to dehorn all animals 
when kept in a loose stible, and even when dehorned there 
Will still be some boss cows that will give trouble It is easier 
to detect cows m heat when they run loose 
Effect on Quality of Milk It is possible to produce high 
fiuiht) milk from cows kept in loose liousing and milked in i 
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separate room These cows are milked in a small area used only 
for milking, where there are no bamy or cowy odors since the 
cows are kept m this room for only a short time There is no 
dust from the hay nor odor from the silage If the bedded area 
IS kept properly bedded the cows will stay clean 

Effect on Production of Cow A study at Wisconsin * cover 
ing a 5 year period showed little difference in production be- 
tween the cows kept under loose housing conditions and those 
kept in a stancluon bam A United States Department of Agri- 
culture f study showed that cows m loose housing produced 
more milk than those kept in stanchions There seems to be 
little difference m production as influenced by the method of 
housing 

The Pole Bam Loose housing bams have been made with 
a minimum of expense by the use of poles that have been treated 
with creosote products under high pressure These poles are 
set m Uie ground and serve as both the foundation and support 
and will last for many years 

The Milking Area The type of milking area used in con 
nection with the loose housing vanes greatly, but they can be 
put into tliree classes, namely, (a) small milking bam, (b) the 
milking parlor, and (c) the Rotolactor, but there are many 
modifications of these 

Small Milking Bam The small milking bam is usually a 
conventional type stanchion bam with from four to twenty stalls 
In practice, it is used only for holding the cows at milking time 
Here tliey are fed their grain and sometimes their silage The 
milk house is often built as a part of this bam The size of 
the herd is limited only by the number of changes to be made 
for the milking The barn should be kept clean and meet the 
requuements of the health officials 

The Milkmg Parlor. Tlie milking parlor differs from the 
small milking bam m that the milkmg parlor is so designed that 
tlie cows are milked m a continuous operation, rather than milk 
mg one group, then replacing them with another group of cows 

It may contain from two to eight milkmg stalls, depending 

•Agr £ng,£71l (1&47) 

i CiTc 763 (1946) 
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somewhat on the size of the herd The stalls may be abreast 
or in tandem, and are usually elevated so that the milker is in 
a pit on a lower level than the cows The milker can do the 
milking without stooping There are many designs of such 
parlors It is small in area and is easy to keep clean Some- 
times it IS provided with a glass front, through which spectators 
can watch tlie process of milking the cows The milking parlor 
has the advantage that the milking is done in a clean and com- 
pact space where the milk is carried only a short distance. 

Pipe*Lme Milkers. In pipe Ime milking, the milk goes directly 
from the milking machine through a sanitary pipe line to the 
cooler or holdmg tank and often to the bottles where it is bottled 
During the entire process it does not come in contact with human 
bands This type of installation is common in milking parlors 
and works quite satisfactorily 

The Botolactor. A more expensive system called the Roto- 
lactor was first operated at the Walker-Gordon Laboratories in 
New Jersey In this system the cows are placed on a circular 
rotating platform where theur udders are first washed and dned 
and then milked by machine When a cow makes the circuit 
she IS completely milked and is removed and another takes her 
place The platform holds 50 animals at a time and is used 
to milk 1600 cows 3 times per day There is a smaller Rotolactor 
in operation in Massachusetts, which holds only 10 cows and 
milks 400 per day These are too expensive for most fanns» 
since the same advantage can be obtained by less expensive 
equipment 


Advantages and Disadvantages of tlie Loose Housmg System of 
Housmg as Compared to tlie Stanchion Bam 

The advantages and disadvantages of the loose housing or 
open shed system of handling dairy cattle as summarized from a 
circuhr put out by the Michigan Experiment Station • are as 
follows 

1 It costs less to construct, since costly items such as stan- 
cluons, expensive concrete work, and form budding, insulation 
* Mich Exp Sta Special DuL G03 (19^) 
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and ventilation system, and individual drinking cups are omitted 

2 Labor can be used more efficiently, since cows travel to 
their feed and to the milking parlor 

3 The cows have more comfort, which promotes better health 
and vitality. Animals have a keener appetite for roughage, be 
cause of lower temperature and more activity 

4. Less leg, teat, and udder injuries result 

5 There is more and better quality manure 

6 It permits greater flexibility, making it possible to change 
the number of cows or even to change to other Uvestock enter- 
prises without remodeling 

7. Hay can be kept m front of the cows at all times Self- 
feeders can be filled 2 or 3 times per week, thus reducing the 
time and labor requu-ements 
The disadvantages are given as follows 
1 The temperature of the work place may be too low for 
comfortable working conditions m the cold weather Of course, 
the milking parlor can be heated at low cost, but the remainder 
of the bam may be cold 

2. More bedding is required It requires about twice as mucli 
bedding as when the cows are kept in stanchions Where bed- 
ding 15 scarce this is a real disadvantage 

3 Doss coivs often annoy and sometimes injure the more 
limid individuals If the feeding area is large this may be par- 
Uaily overcome, but sometimes animals may fail to get enough 
to eat and drink and may go down m milk flow 

4 It IS necessary to have stanchions m the maternity stall for 
the artificial breeding of cows and for administering medicine, 
etc. 

5 The routine of milking in a milking parlor is not as quickly 
learned by hired help 

HOUSING OTHER DAIRY CATTLE 

Tlic housing of the milking herd is mucli more important than 
that for other dairy cattle Ho\Nc\cr, proMsion must be made 
for housing cows at cahing time and also cakes, >earlmgs, and 
bulls There is also a need for isolating animals at times and 
for a hospital stall 
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Maternity Stalls. One maternity stall should be provided for 
every eight or ten cows in the herd. The cows in the maternity 
stall should be maintained under the same condition of tem- 
perature and protection as the milking herd. The size of the 
maternity stall varies with the size of the cow. Smaller cows 
.will- need .about 100 square-feet,- and larger cows about 120 
square feet of floor space. A deep stall (8x14 feet) is pre- 
ferred to a more nearly square stall (10x12 feet), since tliey 
are easier to keep clean. 

Calf Stalls. Calves can stand considerable cold even from 
birth, if they are protected from drafts and dampness. Some 
dairymen prefer to house calves in a tight stable, whereas others 
keep tliem in a bam open to the south. It is desirable to have 
calves in individual pens during the time they receive milk or 
fluid milk replacements to prevent them from sucking each other. 
A rectangular pen witli 24 to 30 square feet of floor space is 
desirable. After they are weaned from milk feeding they may 
be run in groups. Where more than one calf is placed in a pen, 
a stanchion or tie to use during feeding will insure that each 
calf has tlie opportunity to get its feed. 

One building may be used as a combination maternity barn 
and calf bam. This makes for convenience of caring for and 
looking after the cows at carving time and caring for the young 
calves. In cold weatlier the cow will help to warm up the barn. 

Bams for Yearlings. Yearlings may be housed in open barns, 
hut should be protected from drafts, rain, snow, and winds. 
They do not need to be housed in a closed barn. 

It is often advisable to have the heifer bam located some 
distance from the other cattle. This will help to reduce the 
amount of mud around the bam and it distributes the fire hazard. 
It will also give more area for the heifers to run free around the 
barn th.an if a larger number are kept at one place. 

Bull Bams. Bulls need to be protected from the mud and 
rain but should not be housed in a tight bam. The bull barn 
should be arranged so that the bull can be fed and watered 
'vilhout entering his pen or stall. Also, a safety breeding chute 
should be built into llie pen or lot to eliminate danger at lime 
of breeding. The bull stall should not be in the daio' bam but 
should be accessible. 
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Isolation and Hospital Stalls. When a cow is injured, sick, 
or in heat she should be isolated from the remainder of the herd 
The maternity stall is satisfactory for most cases However, there 
are cases of sickness that are contagious These animals should 
be isolated to protect the remainder of the herd Some mjunes 
require speaal stall equipment for treatment A special stall 
built away from the other bams js helpful in handling these 
cases 
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Milk-House Equipment 


The equipment oi dairy barns is so far from being standard- 
ized that no attempt will be made to enumerate all the different 
devices that are on the market or to discuss the advantages and 
disadvantages of different kinds of equipment. Some of the 
more common devices and their principles and uses will be dis- 
cussed. Because of the constant changes in particular makes of 
equipment, trade terms will not be used in this discussion. 

TYPES OF STALLS 

The three main types of dairy-barn stalls are the stanchion 
stall; the tie stall; and the comfort stall. 

The Stanchion Stall. The stanchion stall is the standard dairy- 
cow stall. It is equipped with a stanchion for fastening the cow 
in place. Usually there is a stall partition in the form of a 
curved pipe between the stalls to keep the cows in place and 
to protect their udders and teats from being stepped on by other 
cows. 

The stanchion should be made of metal but may have a wooden 
liner that fits next to the cow’s neck. The stanchions should be 
so constructed and arranged as to allow the cows the greatest 
possible freedom. There should be several links of chain at the 
top and bottom of the stanchions and sufficient room on each 
side of it to pennit the animal to move its head from side to 
side. Comfort is just as important as proper alignment. 

The stall should be of a size that would best fit the cow (see 
Chapter 3-1). This is important to provide comfort for tlic cows 
and to line them up so that the majority of the droppings and 
553 
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Fic. 51 Comfort sialU. Tbo ctms nunc forward to lie do\^‘n on die bed* 
d<ng bdd In \)Ucc by tlic crosUnr When Utcy stand up wiUi head raised. 
Ute pii^s in front of the stall cause tliem to step baeb to tlic tear portion of 
the stall platform (U' Va Untc } 

5ai 
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urine will go into the gutter. It is not possible to have every 
cow fit her stall properly. To compensate for this, many stan- 
chions have adjustments so they can be set forward if the cow 
is too large for the stall, or backward if the cow is too small. 
The adjustable stanchion makes it possible for tlie dairyman to 
align the cows even with the gutter, thus keeping the stalls and 
the cows cleaner. 

The cow can be fastened easily and quickly with stanchions, 
and is held more closely in place than with other types of ties. 
However, she is held more rigid and therefore the stanchion is 
less comfortable than other types of fasteners. Large cows 
often have difficulty in getting up in stanchion stalls. Smaller 
cows seem to get along better in these stalls than larger cows. 
However, even small cows sometimes cannot adapt themselves 
to the stanchion stall 

The Tie Stall. The tie stall should be a few inches longer 
and wider than tlie stanchion stall. It is designed to give more 
comfort to the cow. In addition to the larger size, the chain 
tie gives the cow more freedom. Instead of the stanchion there 
are two arches, one on each side of the cows neck. The cow 
is fastened by means of rings fitted loosely on the arch pipes 
and connected to a chain which snaps to the neck strap on the 
cow. The correct space between the arches is 10 to 12 inches. 
This prevents the cow from moving too far forward in the stall. 

In this type of stall the arches and all other stall parts are 
kept lower tlian the cow’s height. This is an advantage when 
showing the cattle as there are no obstructions over the cows. 
Purebred breeders often prefer this type of stall for that reason. 
The cow has more freedom in the tie stall than in the stanchion. 
Large cows and those with large udders get along in them better 
because of the freedom. A tie chain in a small stall is undesir- 
able. 

The Comfort Stall. Tl\e comfort stall is designed in variou*? 
''a>s from the original Hoard comfort stall. These stalls are 
huger and have a scries of horizontal pipes over the manger to 
prevent the cow from standing too far forward. A single chain 
clamped to one of these pipes is snapped to the cow’s neck 
^trap as a tic. 
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An adjustable crossbar is placed across the rear of the stall 
to hold the bedding in place The piping m front of the stall 
IS located at a height that allows the cow to go fonvard when 
she IS eating or lying down Consequently, when she lies down 
she lies entirely in front of the crossbar and on the bedding 
When she stands up, the pipes cause her to step backward, 
which allows the droppings to go behind the crossbar and not 
on the bedding area Cows m these stalls are more comfortable 
and remain cleaner tlian in either of the other types 

Partitions Partitions between the stalls are essential m the 
tic stalls and the comfort stalls and are desirable in stanchion 
stalls A bent pipe is sufficient for the stall division for the tie 
stall and the stanchion stall Additional dividers are necessary 
for the comfort stall A concrete curb between the stalls is 
needed for the comfort stalls and is occasionally used with the 
tie stalls 

Comparison op Types of Stalls The comparison of tie stalls 
and comfort stalls at the West Virginia Experiment Station * 
showed that cows ui comfort stalls produced more milk, sus 
timed fewer injuries, remained cleaner, and spent more time 
lying down The cows m the comfort stalls spent an average 
of 10 2 hours per day lying down, whereas those in the tie chain 
stalls spent an average of 8 8 hours lying down 
Another study on types of stalls was made at the Virginia 
Experiment Station,! using the stanchion, the Ue stall, and the 
comfort stall Tlie results arc reported in Table LXXXII 
More time was required to clean Uic manure and soiled bed 
ding from the comfort stalls than from the other stalls The 
sh^it difference in time required to clean and brush the cows 
was only sligluly in faior of the cows in the comfort stalls 
Tht stanchions terjmred only about one half as much bme 
for fastening and unfastening the cows as did the comfort stalls 
Till, amount of time, howexer, was very small for either type of 
stall Tlie cows in the comfort stalls remained (he cleanest, 
wlartas those m the tie stalls were the dirtiest The comfort 
stalls arc sliglul) more evpcnsive, since they are larger Tliey 
arc often used instead of box stalls for cows on official test 
•/ Dairy ScI.W HO (1951) 

ITlicju. J \N lloNkc. Va Poly Inst, 1931 
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T.VBLE LXXXII 

COMPAKISON OF ThREE TyPES OF StALLS 


Time required to clean and brush cows 

Stanchion 

Stalls 

Tie 

Stalls 

Comfort 

Stalls 

(min. per day) 

Time required to clean stall platform 

1.60 

1.67 

1.56 

(min. per day) 

Time required to fasten cows (min. per 

0.74 

0.82 

1.47 

cow) 

Time required to attach and detach 
milker hose to and from stall cock (sec. 

0.096 

0.119 

0.167 

per cow) 

8.63 

8.68 

8.87 

Amount of manure on cows (ave. score) 

1.47 

2.05 

0.78 


Manger Divisions. Metal dividers in the manger will allow 
each cow to get her o%vn feed. When all tlie cows are fed at the 
same time, dividers are not essential but are desirable. With 
manger divisions, mote time is required to clean the mangers. 

Watering Devices. The system of turning cows out to drink 
once or twice a day is followed quite extensively. Some dairy- 
men run water in a concrete manger in front of the cows. Cows, 
however, will produce a little more milk if they are given access 
to water at all times; also, there is less opportunity for diseases 
to be transmitted from one to another when they have individual 
drinking cups. For these reasons, many dairies have individual 
watering cups that give the cows access to fresh water at all 
times. There are two general systems of supplying water to 
watering cups. One is the gravity system, in which water is 
kept at a certain level in the cups by means of a large tank, 
provided with a iloat, at one end of the building; the other is 
the pressure system, in which the water is forced to tlic cups 
and let in by a valve, which the cows soon learn to operate. 
The latter is to be preferred where the water system permits. 
The objection to the gravity system is Uiat when the water in 
the lank l)ccoines low the water from ilje drinking cups flows 
hack, so that if any of the cows have an infectious disease it 
nuy spread throughout the entire lierd in this way. Tlie same 
objection was found in the o!d*l>pe pressure s> steins, but the 
miKlern thinking cup of this l\pc has the \al\e at which the 
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water enters the bowl above the normal lerel of water in the 
cup so that it IS impossible for the water to flow bacL 

Care should be taken to keep the cups clean Many cups 
now on the market give satisfaction 



tic 52 A wateruig cup arranged so that the cow can let the water m as 


she dnohs. 

Calf Pens. Calf pens should be dry and well ventilated, but 
care should be taken tjiat they are free from drafts They should 
be provided with stapchions or ties, so that the calves may be 
tied to prevent their sucking one another after they have finished 
drinking their milk Dividers m the mangers, between the stan- 
chions, will prevent the calves from sucking In summer, calves 
are often allowed to run in an open lot This should also be 
provided with stanchions where the calves may be tied when 
being fed This makes it much more convenient to feed and 
at the same time msures every calf its allotted ration 
Pens may be made of metal panels or wood When wood is 
used, the panels or partitions should be made so that they can 
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be removed for cleaning. Removable mangers are desirable for 
small calves. They can be taken out, cleaned, and disinfected. 



Fig. 53. A silage cait on rubber tires makes silage feeding easier (W. Va. 
t/nio.). 


FEEDING EQUIPMENT 

Feed Carts. Several Ions of feed are handled each year for 
each cow in the herd. Tho tiso of feed carts reduces the labor 
of moving the feed by fewer trips to be made in feed- 

ing the herd. Svillahle tu»is m«y l>o homemade or purchased 
from a commeiclal mimidHthiun'. Wljuro heavy loads are to 
be moved, the cint hlloiihl hii on i libber wheels. Rubber tires 
are quiet, save wear on die alley wayn, luiil make the load easier 
to move. 

Diviiimih In the grain call will give simee for two or more 
feed mixtures, sucli as one for (lie iiiiikiug herd and one for dry 
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cows A vertical bar can be attached to the feed cart to sup- 
port a feed scale for accurate feeding of each cow If the feed 
scale IS not used, a scoop holding a known amount or one with 
the scale on the handle can be used A feed chart listing the 
amount to be fed each cow can be fastened on the cart 
The silage cart needs to be large enough to reduce the num- 
ber of trips necessary to feed the herd The silo chute should 
be constructed so that the cart will fit dnectly under it The 
silage can be thrown into the cart from the silo and save an 
extra handling of the silage Some feed carts and litter carriers 
are mounted on an overhead track These are largely being 
replaced by carts on wheels The tracks are expensive and with 
heavy loads give more trouble than a truck on wheels 

Hay Carts Baled hay may be easily moved with or without 
a cart or truck Loose hay offers more of a problem if it is to 
be moved a great distance A truck with a large bed may be 
used to advantage 

Silo Unloaders Mechanical silo unloaders have been de- 
veloped One type is placed m the top of the silo and is low 
ered by pulleys as the silage is used It has revolving arms that 
rake the silage to the center It is then blown into the silo 
chute Another type is an endless cham type that is built into 
the bottom of the silo 

Bale Elevators Motor driven bale elevators and conveyors 
are used for storing baled hay and straw They will also han 
die loose gram and bags of feed The elevator and conveyor 
can often be relocated to remove feed during the winter for 
feeding This gives double use of the equipment without addi 
tional expense 

Feed Crmders and Mixers When a considerable portion of 
the feed is grown on the farm, a feed gnnder is usually a good 
mvestment It may be operated by motor or tractor If the 
quantity of feed to mix is large, a mixer will be a good mvest 
ment It is not as necessary as the grinder The mechanical 
muer will do a more effiaent job of mixing than is usually done 
by hand mixmg 

A considerable amount of metal objects often finds its way 
into feeds Some are sharp pomted and dangerous when taken 
into the stomach of the cow A magnet may be located on a 
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feed chute leading to the grinder or the mixer, for removing at 
least some of the metal pieces that may be in the feed. For 
small quantities of feed, two or three strong horseshoe magnets 
are quite effective. For larger operations, an electromagnet 
can be installed in connection with the grinder or mixer and is 
more effective. 


MILKING EQUIPMENT 

Milking Machines. Practically all commercial herds and many 
small herds are now milked with machines. The reason for the 
great increase in the use of the milking machine is that (a) 
much labor is saved; (b) a high-quality milk can be produced; 
(c) a high-production level can be maintained and {d) the 
milking task is made less objectionable. The greatest advantage 
of tlie milking machine is that the job of milking is made easier 
and the drudgery is taken out of milking so that less trouble is 
experienced in securing labor. A person may be a good machine 
milker but not a good hand milker. Many farm families can 
do their own milking with the use of a machine, thus saving 
in the hiring of extra labor. 

Other Milking Equipment. The job of milking will be better 
organized and easier to perform if all the milking equipment 
is handled together. A rubber-tired platform truck will serve 
well as a milking equipment cart. All the equipment may be 
assembled on the cart and taken to the milking barn. With all 
the necessary materials and equipment concentrated in this man- 
ner, the procedure will be more orderly and easier. 

The equipment needed will include the milker units, pails for 
washing udders, pails for dipping teat cups, a strip cup, and 
pails for carrying the milk. A container for holding towels for 
washing the udder can also be provided. A frame built on the 
cart will hold the milk sheet for recording milk weights. Milk 
scales may be attached to an arm on the cart. 
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MILk HOUSE EQUIPMENT 

The equipment for the milk house should be suitable for lian 
dhng the grade of milk tint is being sold and adequate for the 
amount of milk tiiat is produced 

Washroom Equipment A two compartment wash vat is de 
suable and required on some markets A storage for milk cans 
and all dairy utensils may be a can and utensil rack or an en 
closed cabinet The latter is often the sterilizing cabinet Solu 
tion racks for milking machine teat cups can be located con 
vemently in die washroom A cabinet for storing supplies and 
matenals is convenient and makes it possible to keep them m a 
more orderly condition 

Boilers and Heaters Hot water may be supplied by a steam 
boiler a steam generator or a hot water heater Witli the in 
creased availability and use of electricity an electric water heater 
IS often used Where steam sterilization is required an electric 
steam sterilizing cabinet is suitable There is on the market 
an electric steam boiler which is designed to be used m place of 
the conventional steam boiler It is not as yet in general use 
Preliminary observations and tests indicate that it is satisfactory 
Amount of Hot Water A study was made at the Virginia 
Experiment Station * of the amounts of liot water used in the 
barn and milk house for various operations in producing high 
quality milk The following amounts of hot water were used at 
each milking for the different operations m a fifteen cow dairy 
and in a thirty cow dairy 

For 15 CoTn 
gallons 

For Tins ng equ pment 3 

For V ashing udjers 0 

For d pp ng teat cups 4 

For wash ng and nnsiog utensils 20 

For wash ng hands g 

Total for one m iking 30 

Milk Cans and Utensils The number of milk cans required 
depends on whether two sets are needed or svhether the hauler 
* Va Exp Sta Kept ( 1950) 


For SO Cows 
gallons 
4 
12 
8 
SO 
6 

eo 
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returns the cans the same day in time for use for tlie afternoon 
milkmg There must be a sufficient number to handle tlie maxi- 
mum daily production of the year. 

Where hand milking or hand stripping is practiced, covered 
milk pails are needed Where milking machmes are used, addi- 
tional milker pails with covers are most desirable foi carrymg 
tlie milk from the bam to the milk house This ehminates the 
pourmg of the milk in the barn into other pails for carrying 
Milk strainers equipped with single use strainer pads are the 
only kind recommended There should be two strainers for 
every three milker units operated to allow ample time for filter- 
ing A strip cup is needed by each operator 
Cooling Facilities. The ongmal method of coohng milk was 
to set cans of milk in sprmg or well water Later, milk-coolmg 
tanks were built to hold the cans of milk These tanks were 
supplied with water from a spring or well These methods are 
still in use for much of the milk produced for manufacturing 
purposes and for sour cream 

Milk Coolers. High quality milk that is to be used for bottled 
milk and is to be delivered with a low bacteria count needs to 
be cooled more quickly, which requires a cooling medium Ice 
has been used, and to some extent is still used, as the coohng 
ngent. With greater availability of electricity, mechanical re- 
frigerators are universally used where Grade A milk is produced 
Many different types of refrigerabon systems are m use 
/VEiUTon For quickest coohng, the milk is allowed to run 
slowly over a tubular cooler or aerator The cooling medium 
IS usually the regular water supply for the top section of the 
cooler With water from a wet storage refrigerator pumped 
through the bottom section of the cooler For larger operations, 

^ dirtct-expansion cooler is often used For storage after cool- 
a wet storage or a walk-in cold air storage room may be 

used 

Wirr Stowacl The wet storage box can be used to do the 
ciUirc coohng job The cans of warm milk are set directly into 
the Wet storage. 

Cou>-\Vall Milk Tank The cold-wall milk tank is the htist 
e\elopnient m milk cooling The equipment is more expensive 
t other types It is an efficient method of cooling .ind when 
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MILK HOUSE EQUIPMENT 

The equipment for the milk house should be suitable for han- 
dling the grade of milk that is being sold and adequate for the 
amount of milk that is produ«j<l 
Washroom Equipment. A two compartment wash vat is de 
sirable and required on some markets A storage for milk cans 
and all dairy utensils may be a can and utensil rack or an en 
closed cabinet The latter is often the sterilizing cabinet Solu 
tion racks for milking machine teat cups can be located con 
veniently m the washroom A cabinet for storing supplies and 
matenals is convenient and makes it possible to keep them in a 
more orderly condition 

Boilers and Heaters Hot water may be supplied by a steam 
boiler, a steam generator, or a hot water beater With the in- 
creased availability and use of electricity, an electric water heater 
is often used Where steam sterilization is required, an electric 
steam sterilizing cabinet is suitable There is on die market 
an electric steam boiler which is designed to be used in place of 
the conventional steam boiler It is not as yet m general use 
Preliminary observations and tests indicate that it is satisfactory 
Amount of Hot Water A study was made at the Virginia 
Experiment Station * of the amounts of hot water used m the 
barn and milk house for various operations in producing high 
quality milk The following amounts of hot water were used at 
each milking for the different operations m a fifteen cow dairy 
and m a thuty cow dairy 

For la Cows, For SO Cons, 


gallons gallons 

For rinsing equipment 3 4 

For washing udders 6 12 

For dipping teat cups 4 g 

For washing and nnsing utensils 20 SO 

For washing hands 3 q 

Total for one milking SO 00 


Milk Cans and Utensils The number of milk cans required 
depends on whether two sets are needed or whether the hauler 
' Va Exp Sta Kept ( 1950) 
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Milk-House Equipment 

returns the cans the same day iii tune for use for the afternoon 
milking There must be a sufficient number to handle the maxi- 
mum daily production of the year 
Where hand milking or hand stripping is practiced, covered 
milk pails are needed Where milking machines are used, addi- 
tional milker pails with covers are most desirable for carrymg 
the milk from the barn to the milk house This ehminates the 
pouring of the milk in the barn into other pails for carrying 
Milk strainers equipped with smgle use strainer pads are the 
only kmd recommended There should be two sbamers for 
every three milker umts operated to allow ample time for filter- 
A strip cup IS needed by each operator 
Coolmg Facilities The original method of cooling milk was 
to set cans of milk m spring or well water Later, milk coolmg 
tanks were built to hold the cans of milk These tanks were 
supphed with water from a spring or well These methods are 
still m use for much of the milk produced for manufacturing 
purposes and for sour cream 

Milk Coolers High quality milk that is to be used for bottled 
milk and is to be delivered with a low bacteria count needs to 
he cooled more quickly, which requires a cooling medium Ice 
has been used, and to some extent is still used, as the coolmg 
agent With greater availability of electricity, mechanical re 
higerators are universally used where Grade A milk is produced 
^lany different types of refrigeration systems are in use 

A^tor For quickest cooling, the milk is allowed to run 
slowly over a tubular cooler or aerator The cooling medium 
IS usually the regular water supply for the top section of the 
cooler with water from a ^\ct storage refrigerator pumped 
through the bottom section of the cooler For larger operations, 
a direct expansion cooler is often used For storage after cool- 
mg, a wet storage or a walk in cold air storage room may be 
used 

Wet Storage The xvet storage box can be used to do the 
<-nlire cooling job The cans of warm milk are set directly into 
the wet storage 

Couj-Waix \Iu-x Tank TIic cold wall milk tank is the latest 
dcxelopmeiit m milk coolmg Tlie equipment is more expensive 
than other Ixpes It is an efficient method of coolmg ind when 
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:!d in —n.itE rank truck delivery, no milk cans are 

CLErVNlNG EQUIPMENT 

S ; S" « 

supply a ct — ^ m do .Ins than to store the 

Otherwise, more time is i 
manure. 



F.O. 34. Litter carrier on mbte-tired Imck (toe, Mfg. Co.). 


MG. o-*' 

herd a wheelbarrow or small truck may be us. 
“ ih walk should be made leading to the manure pit. wh 
r"ted at least 50 -Hrom t^ W 

T a wSlbarrow. The manure may be dumped dire 
to a spreaL or may be emptied into a manure pit, whe. 
be stored until a convenient time tor spreading. 
“x.mLl Gutter Cleaner. Mechanical gutter cleaners 
^vele mimure trum the gutter and load it on a spread 
Tck arfconimg into use. This is one of the greatest 1= 
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Electric Clippers The dipping of certain areas of the cow 
IS necessary for clean milk production Electric clippers make 
this ]ob rather easy It is more convenient if electnc outlets are 
provided on each support post so that they will be sufficiently 
close for the clipper cord to reach 
Electnc Cow Trainers An electnc fence control can be con 
nected ivith a crossarm supported over the back of the cow This 
IS called a cow trainer \Vhen the cow humps her back to 
defecate or urinate the crossarm wiU shock her and causes her 
to step back and drop in the gutter These trainers have been 
quite effectwe in keeping the cows clean Most cows soon learn 
to step back before dropping and the stall platform remains 
cleaner Longer stalls can be used with the trainers Some cows 
do not readily adjust themselves to the trainers and their pro 
duction is affected ad\ersely 

Steam Jenny A high pressure steam jenny is a piece of equip 
ment that operates by an oil burner It is connected with a 
pressure water system with a hose Detergent is added to it 
and the solution is discharged through a steam hose at a high 
temperature The use of this equipment is an easy method of 
cleaning stalls walls ceilmgs and any other surfaces The 
high temperature and detergent solution will also disinfect the 
area cleaned 


MISCELLANEOUS EQUIPMENT 
Holding and Loadmg Chutes Every dairy farmer must han 
die cattle several times each year for such purposes as bleeding 
for Brucellosis testing for tuberculosis spraying treatmg for 
w arbles and probabV dehorning A holding chute makes this 
handling much easier The chute may be built in connection 
with stocks for holding the animals Often the milkmg herd 
can be held m the stanchion bam for a part of these operations 
The chutes will still be needed for handling young stock and 
others not stanchioned Loading chutes are convenient when 
mo\^ng cattle 

Breeding Back The breeding rack is used for two purposes 
(1) for the breeding of small cows or heifers by a large bull or 
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ot large cows by a small bull and (2) for tlie breeding of animals 

that do not readily stand , 

Occasionally, a bull will serve to better advantage w * 
rack IS used. The breeding rack should probably be use m 



thai 


® It IS, but because of the inconvenience of adjusting it for 
^i^h animal and because of the trouble of bringing both animals 
't. most herdsmen do not usuaUy use it until it is absolutely 
"'^acssaty The stanchion of the rack should be adjusted so tha^ 
'‘mall animal can be held back and a large animal allowe 
8“ fonvard It is well to have the sloping part on which 
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of large cows by a small bull and (2) for the breeding of animals 

that do not readily stand. , 

Occasionally, a bull will serve to better advanage \ 
rack is used. The breeding rack should probably e use 



Breeding Rack. Dimensions, floor planks 9 long, front P ^ 
-d rear posts feet. One and one-half feet beWeen floor plants 
in front and 2 feet in rear. 

““a it is. but because of the inconvenience of adjusting it for 
animal and because of the trouble of bringing both anu 
It. most herdsmen do not usually use it until it is a 
"'t^wsary. The stanchion of the rack should be adjusted so 
“/mall animal can be held back and a large animal ^ 

1=“ fotivard. It is weU to have the sloping part on which . 
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bulls front feet rest provided with cross strips, as well as a strip 
along the outer side to keep the bull’s feet from sliding off The 
dimensions and method of construction are shown m Fig 56 
Slocks Stocks are strongly made crates m which animals can 
be held successfully during the trimming of hoofs or dehorning. 





Fic 57 Stocts Dimensions, total length 9 feet, height 6 feet. Width 
inside 2 feet 4 inches, and 2 feel 8 inches from stanchion to floor ring 


or while other operabons arc being performed, when it is nec- 
essary to ha\e the animal under full control Stocks are espe- 
cially useful for the handling of bulls They should be con- 
51111010 x 1 of good material and well bolted together They should 
be made adjustable so tliat they can be used to hold animals 
of dilltrcot sizes This can be done by ha\ing se\cral slots for 
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the tiinber inserted at the bach to hold the animal in place, ai 
the same may be done for tlie stanchion It is sometimes dif] 
cult to get animals into a stock This is especially true of bull 
The difficulty can be overcome by proceeding slowly and, 
necessary, tying the obstinate bull for a little while at the ei 
trance to the stock Figure 57 shows the construction and d 
mensions of a satisfactory cattle stock 

Tool Rack. A tool rack is convenient for storing tools an 
equipment used in the dairy barn Forks, scoops, brooms, curr) 
combs, brushes, etc , should be stored in an accessible place an 
in an orderly manner The rack should be conveniently locatec 
but some dairymen build the rack on rollers so that it can b 
moved where most needed and even outside the bam 

REFERENCES FOR FURTHER STUDY 

1 Porterfield, Hyitt, Brown, and Longhouse A Companson of Comfoj 
and Tie Stills, J Damj Set , 34 149 ( 1951 ) 
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3 Catilogucs of bam equipment companies 

4. R M Carter, Libor Sivmg Through Farm Job Analysis— Dairy Bar 
Chores Ver Exp Sta Bui 503 (1943) 

5 Catalogues of dairy equipment supply companies 


Appendix 

Laboratory Exercises 


la the teaching of dairy cattle feeding and management, tlie 
practicum should form an important part of the work. Usually, 
only one laboratory is allowed per week, but sometimes tliere 
are two. A suflBcient number of exercises are outlined in the 
following pages to occupy two laboratory periods for a full 
semester. In institutions providing only one laboratory period 
each week, certain exercises may be omitted without in any way 
interfering with tlie continuity of the work. Such exercises are 
marked witli a (®), Others may be added if necessary. 

In some e.\ercises it may not be possible, witli large classes, 
to schedule all tlie students to meet at the same time. This 
applies to such exercises as milking, calf feeding, etc. The class 
may then be divided into groups and assigned to work at various 
times outside of regularly scheduled periods. In other exercises, 
such as figuring rations, it is believed desirable that all work be 
done by tlie students, independently, in a classroom, under tlie 
supervision of an instructor. 


Ihcrcisc 1. Identification of Feeds 

As many feeds as can be obtained should be placed in con- 
venient containers so that the students can observe and study 
them. During the laboratory period tlie names of the different 
feeds are iilaccd on the containers and the student is required 
to make a study of the characteristic appearance, odor, weight, 
bulk, and any other propcrt>’ that the feed may possess. Defects 
of any particular feeds or characteristics that distinguisli grades 
or qualities of a particular feed should be discussed. Ilcady- 
inlxcd feeds that are common in the state may also be used. 
After the students liase luid lime thoroughly to fainiliari/e Ihetn* 
^71 
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selves with the feeds, certain of the feeds should be prepared 
with labels removed and a test given on identification of feeds. 

Reference Chapter 6. 


Exercise 2. Cost of Feeds 

A list of all the common feeds and roughages m common use 
m the state and the current price per ton should be given to 
each student The student should obtain the pounds of diges- 
tible protein and total nutrients of each feed from the tables, 
and from these calculate the cost of 100 pounds of feed, of 1 
pound of digeshble protem, and 1 pound of digestible nutrients 
This should be kept for calculation of feed costs in the following 
exercises. 

Reference Chapter 10, Table A (Appendix) 

Exercise 3. Requirements for Maintenance, MilJc Production, 
Groivth, and Pregnancy 

The requirement for mamtenance of cows and heifers under 
various conditions, as indicated m the problems, should be cal- 
culated 

problems 1 A 1000 pound cow is producing 4Q pounds of 4 per cent 
milk per day How much digeshble prolein, total digeshble nutrients, cal- 
cium, phosphorus, carotene, and salt should she be fed dail> in order to 
meet her requirements? 

2 A 1200 pound cow is dry and wilbm a week or two of freshening How 
much digestible protein total digestible nutnents, calcium, phosphorus, 
carotene and salt should she be fed? If she needs iodine, what would be 
the recommendations? 

3 A heifer weighing 400 pounds should be fed how much digeshble pro- 
tein, total digestible nutnents, calcium, phosphorus, carotene, Mlamin D, 
salt, magnesium, cobalt iron, and copper? 

4 How much alfalfa hay would you need to feed the cow m Problem 1 
to meet lier calcium needs’ Iier phasphonis needs’ How much timothy 
for calcium needs? phosphorus needs? 1/ow much wJieat bran for calcium 
needs’ phosphorus needs? 

3 How much alfalfa would you need to feed to meet carotene needs for 
die heifer m Problem 3’ How much timothy’ How much com meal? 
How much cottonseed meal’ How much wheat bran’ 

BEFaiENcx. Chapters 8. 10, and 11, Table B (Appendix). 
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Exercise 4. Rations Are to Be Calculated Using the AXorrison 
Standard for Digestible Protein and Total Digestible Nutrients 
of Feeds 

Problems. 1. Calculate a rahon for a lOOO-jJOund cow giving 32 pounds 
of 5 per cent milk, when tlie following feeds are available. 

Tunotliy hay Wheat bran 

Com silage Soybean meal 

Cora meal Gluten feed 


Calculate also tlie cost of the ration, tlie feed cost of 100 pounds of milk, 
and tlie feed cost per pound of butlerfat 

2 Calculate a ration for a 1300-pound cow giving 45 pounds of 4 per 
cent mdk, with tlie following feeds available. 


Com silage 
Alfalfa hay 
Beet pulp 
Wheat bran 
Cottonseed meal 


Corn-and-cob meal 
Gluten feed 
Hominy 
Ground oats 
Soybean-oil meal 


Determine Uic cheapest ration, using only such feeds as are necessary for 
proper balancing Figure also the cost of 1 pound of digestible protein and 
1 pound of digestible nutrients. 

Reference. Chapters 10 and 11; Tables A and B (AppendLx). 


Exercise 5(*). Rations Are to Be Calculated Using the Morrison 
Standard for Digestible Protein and Net Energy Values of Feeds 

Problems 1. Calcukite a ration for an 850-pound cow giving 20 pounds 
of 5 2 per cent milk, with the following feeds available. 

Mixed hay Ground oats 

Corn sto\ er Wheat bran 

Com meal Linseed meal 

Determine the returns for $1 00 expended for feed when milk sells at 
$4 00 per hundred. 

2 Calculate a good ration, using any feed on hst, for a Guernsey caw 
\\eiBhing UOO pounds and producing 32 pounds of 4 7 per cent milk. 

Consider the characteristics of a good ration. Other things being equal 
the chenpest ration is the best. Discuss reasons for using vanous feeds. 

Reference. Chapters 9, 10, 11; Tables A and B (Appendix). 



574 


Appendix 


Exercise 6 Calculating Bations for the Herd 

Usually jt IS not practical to calculate a ration for every cow 
m the herd and it is therefore necessary to calculate a ration for 
the entire herd The student should familiarize himself with 
the method 

BalajvCE Ration Accobdinc to Average Cow in the Herd 

pTohlems 1 Calculate a gram ration foi a herd of Jersey cows averaging 
30 pounds of S per cent milk. The roughage available is com silage and 
alfalfa hay Com meal and ground oats are available the other concentrates 
must be purchased 

2 A man has a herd of twelve Ayrshire cows averaging 33 pounds of 
milk per day He has the following feeds available 

Timothy hay Com and*cob meal 

Com silage Ground oats 

Determine the cheapest gram latioo to feed using all the above feeds and 
malang any additional purchases necessary Figure the cost of the gram 
muture per 100 pounds \(ake enough of the mixture to last two weeks 
Discuss amount of roughage and gram to feed and reason for purchasing 
such feeds as are purchased 

Reference Chapter 10 

Exercise 7(") Calculating Rations for the Herd 
This method is somewhat simpler even than the one shown m 
Exercise 6 Smce there is seldom a deficiency m total nutnents 
when the herd has all the roughage that they will eat a roughly 
balanced ration can be formulated by balancmg the protem of 
Uie gram mixture to suit the land of roughage available 

Balanonc for Protein 

Problems 1 A dairyman has a herd of twenty Hobtem cows averaging 
38 pounds of milk per day He has on hand timothy hay com silage, 
com and-cob meal and ground oats Calculate a good gram mixture for 
tins herd, using llie feeds available and any oUieis necessary Give reason 
for U>e different ingredients and figure costs Calculate amount of all feed 
tlat will be required m such a herd for a 6-month feeding penod 



Laboratory Evercises 575 

2 A man has a lierd of twenty Jersey cows with an average production 
of 26 pounds of milk The following feeds are a\ aihble 


Oat straw 

Corn and cob meal 

Hominy 

Alfalfa hay 

Gluten feed 


Linseed meal 
Cottonseed meal 
Dncd beet pulp 
Wheat bran 


Calculate a good gram mwture, using any of tlie above feeds How 
much feed will be necessary for feedmg tlus licrd from September 15 to 
May 15? Calculate the storage room necessary to store tins amount of feed 
Give method of feeding, amount fed, and cost of rabon 

Refebence Chapter 10. 


Exercise 8(®). Calculating a Feed Formula 

Rations figured as done by commercial feed companies is a 
great help in understandmg the value of feeds as they are desig- 
nated on the feed tag. In this, the ration should contain the 
specific amount of protem called for, at least 3 5 per cent fat, 70 0 
per cent total digestible nutrients, and not over 10 per cent crude 
fiber 

Problems 1 Calculate a 16 per cent crude protein rabon, showing the 
amount of digestible protein, crude protein, crude fat, crude fiber, total di- 
gesbble nutnents, and the cost of the rabon Using any of the feeds neces- 
s^ty la to produce a good labou, add 1 per cent salt and 2 pet cent 
bone meal 

2 Calculate a 20 per cent protem ration, as above 

3 Calculate a 32 per cent protem rabon, as above 

Reference Chapter 10 

Exercise 9. Using the Pearson's Square, Calculate tlie Follow- 
ing Problems 

1 If you ha\ e a ton of 32 per cent mixture and you wish to mix it with 
ground oats or corn to make a 20 per cent mixture, how much oats would be 
requued? How much com? 

2 If you wish to nux I ton of 16 per cent dairy feed, and you have on 
hind com meal ind ground oats and *13 per cent soybean oil meal, and you 
wish to use equal ports of com and oats, how much soybcan-oil meal would 
be used? 
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3. If you have 1200 pounds of com and 800 pounds of oats, which you 
wish to mix with a 32 per cent grain mixture, how much of the 32 per cent 
would you need to male a 16 per cent mixture? 

4 You have coro-and cob meal and ground oats to feed with alfalfa hay 
and com silage You \vish to feed 2 parts of com to one of oats and to mu. 
this with a 32 per cent protein mixture You have a herd of ten Jersey 
cows which are producing an average of 33 pounds of milk per day How 
much of the 32 per cent supplement would you have to purchase for a 
month’s supply if you feed your herd 1 pound of feed to each 3 pounds of 
milk produced? How much com and cob meal and oats would you feed? 

5 How much com and oats would you need to mix with a 32 per cent 
muture to have a 20 per cent jwotem raboo, and how much of each would 
be necessary to feed a herd of 20 Holstein cows averaging 40 pounds of 3 5 
per cent milk for a 6 month period? 

Reference Chapter 10 

Exercise 10(*). Economy of Heavy Feeding 

Tnhlem Assume a 1200 pound Holstein cow with a capacity for pro- 
ducing 50 pounds of 3 5 per cent milk WMl it be economy to feed her 
enough for only 35 pounds of milk per day? for 25 pounds^ Calculate a ra- 
tion for such a cow by the Momson Standard for 25, 35, and 50 pounds 
daily, and include the cost of the ration, of 100 pounds of milk, and of I 
pound of butterfat 

Reference Chapters 7 and 10 

Exercise Law of Diminishing Returns 

Does xt pay to get the greatest production possible from a 
cow, or is there a pomt above which it is not profitable to go? 

Problem Using the feeds and pnces as figured in Exerase 2, calculate 
rauons for a Jersey cow weighing 900 pounds and with milk testing 5 per 
cent, under the conditions listed at top of page 577, considering pasture 
worth $5 00 per month 

Fmd the feed cost per pound of fat. the total cost of 1 pound of fat, the 
percentage digesUble nutrients m roughages, and the percentage digestible 
nutnents in concentrates Explain the results hy means of graphs 

Reference. Chapter 12 
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Cora (grain), 70 bushds per acre 
Oats (gram), 50 bushels per acre 

Calculate the feed needed for this herd and plan a cropping system for 
next year Grow all the roughage needed and only as much com and oats 
as there are aaes for Figure how many acres of each should be grown and 
bov\ much gram should be purchased Figure size of silo, and space for 
storing hay and bedding and gram 

Kefehence Chapter 11 


Exercise 14 Mixing Rations 

The students should be given one exercise in the proper mix- 
ing of a ration The feeds should be laid out on the floor in the 
required amounts and thoroughly mued If a mixer is available, 
experience in its operation should be given 

Reference Chapter 10 

Exercises 15 and 16 Feeding Practice 

Two laboratory periods are devoted to actual feeding practice 
One cow or mote is assigned to two students, who are required 
to figure a good ration for this cow, using the feeds available 
The students are required to weigh out the feed necessary and 
to have the cow fed according to theu: directions The cow 
should be weighed at frequent intervals At the end of a 10 day 
feeding period a full report should be submitted 

Referexce Chapters 6, 7, 10, and 11 

Exercise I7(*). Calf Feeding 

One laboratory penod should be devoted to calf feeding A 
schedule should be arranged in which the students are required 
to prepare the feeds and to carry out the complete work of feed 
ing calves This is done under the supervision of the instructor 
Practice should be given in the removal of extra teats, dehorning, 
tattooing, and eartagging 

Reference Chapters 16 and 18 
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Exercise 18(“). Milking by Hand 

The student should demonstrate his ability to milk a cow 
quickly, completely, and in a satisfactory manner. Those who 
have had experience in milking before taking the course can 
demonstrate in one milking whether or not they can do the xvork 
satisfactorily. Students without such experience require several 
milking periods in order to be given credit for tlris exercise. The 
work should be done under the supervision of the instructor. 

Befebence. Chapter 17. 

Exercise 19(®). The Use of a Milking Maehine 

The student is assigned an exercise in the operation of tlie 
milking machine. He will be required to assemble the machine, 
do the mdking, and tlien thoroughly wash and sterilize the 
machine. 

Hefeeence. Chapters 17 and 32. 

Exercise 20{*‘). Valuation of Dairy Animals 

The students should have had a course in dairy-cattle judging 
before this laboratory exercise. For this, several animals of each 
class are used, and the student is required to give his estimate 
of tire money value of each of the animals, which should include 
cows, bulls, heifers, and calves. This exercise should train the 
student in the purchase of animals and enable him to use his 
previous training in the determining of age and to make practical 
application of Iris ability to judge production. If the records and 
the pedigrees of the animals are known, this information should 
be given. At the end of the period the inventory value of the 
animal is told to the student. 

REFEnENCE. Chapters 29 and 30. 
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Exercise 18(*). Milking by Hand 

The student should demonstrate his ability to milk a cow 
quickly, completely, and m a satisfactory manner Those who 
have had experience in milking before taking the course can 
demonstrate m one milking whether or not they can do the work 
satisfactonly Students without such experience require several 
milking periods in order to be given credit for this exercise The 
work should be done under the supervision of the instructor 

Reference Chapter 17 

Exercise 19(*). The Use of a Milking Machine 

The student is assigned an exercise in the operation of the 
milking machine He will be required to assemble the machine, 
do the milking, and then thoroughly wash and sterilize the 
machine 

Reference Chapters 17 and 32 

Exercise 20(*) Valuation of Dairy Animals 

The students should have had a course in dairy cattle judging 
before tins laboratory exercise For this, several animals of each 
class are used, and the student is xegmred to give his estimate 
of the money value of each of the animals, which should include 
cows, bulls, heifers, and calves This exercise should tram the 
student m the purchase of animals and enable him to use his 
previous training in the determinmg of age and to make practical 
application of his abihty to judge production If the records and 
the pedigrees of the animals are known, tins information should 
be given At the end of the period the inventory value of the 
animal is told to tlie student 

Reference Chapters 29 and 30 
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Exercise 21. Marking and Sketching Cattle 

The students should be familianzed with the different methods 
of marling cattle and with the method of tattooing and putting 
tags m the ear 

They sliould also be furnished with special blanks for registra- 
tion of animals of the different breeds, and each should be re- 
quited to make drawings and fill out in full application for 
registration 

Reference Chapter 16 


Exercise 22(*). Herd Development 

As many animals as the herd has of one family should be com 
pared with a family that has multipied but little, thus emphasiz- 
ing the value of vitality and reproduction The inheritance of 
certain charactenstics can weff be brought out The daughters 
of one bull may also be studied, especially m regard to type and 
production 

Reference Chapters 22 and 23 

Exercise 23(*) Handlmg Cow and Calf at Calving Tune 

Assign a student a springing cow to watch and, if possible, to 
be near at the time of the birth of the calf He should ( 1 ) check 
breeding dates and determine when the calf is due, (2) feel for 
calf 111 right flank of cow and watch for evidence of approachmg 
caKang, (3) move the cow uito a box stall and watch when calf 
IS bom, to give aid if necessary, (4) see that afterbirth is passed 
and renioie it from the stall, (5) dismfect the navel of the calf 
as soon as possible and paint with iodine, (6) see that the calf 
starts to nurse and gets some colostrum, and, except for heifers, 
do not allow the cow to be completely milked for the first few 
days, (7) see that tlie cow ts given warm water and a warm bran 
mash, (8) thoroughly disinfect tlie stall after the calf has been 
remo\ ed 

Refuience, Chapters 16 and 18 
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Exercise 24(®). Handling Bulls 

Study the bull pen and lot and note safety features. Study 
the safety breeding chute and take measurements. Make a 
drawing of tlie chute, putting in measurements. If possible, put 
a ring in the nose of tlie bull. If the bull has a ring in liis nose, 
examine it for size and see that tlie screw is holding. Lead the 
bull with a safety staff. Make a drawing of a safety bull pen 
tliat would be an improvement over the one that has been visited. 

Reference, Chapter 20. 


Exercise 25. Fitting for Show 

Students are assigned animals to be fitted for show. A care- 
ful inspection of the animals is made by the instructor before 
the fitting begins. Some students are given cows, others bulls, 
and others heifers or calves. A sufBcient supply of the equip- 
ment necessary for fitting for show should be on hand, and the 
students should be shown how to use it. It is often desirable at 
tlie end of the last period to hold a show so that lessons in fitting 
may be pointed out. Also, the methods of handling cattle in the 
show ring can be demonstrated. 

Reference. Chapter 31. 


Exercises 26 and 27. Bam Plans 

Two exercises in drawing a bam plan are given. Each stu- 
dent is required to hand in drawings according to the following 
suggestions and specifications. The work can be done either in 
the classroom or elsewhere. The former is preferable if equip- 
ment is available. During the first exercise, measurements on 
size of stable should be made. 

Requirements for DAmv Plans 

Drawing must be made on regulation-size, white drawing 
paper (18x24 inches). It must be made to a scale of not 
more than 1 inch equals 6 feet. A margin of % inch must be 
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left on the drawing paper The drawing must be inked in with 
regulation black drawing ink All dimensions of the barn must 
be shown A space at the lower nght-hand comer of the draw- 
mg must be saved for the name, date, scale, and grade The 
size of the space should be 4 by 2^ inches The elevation and 
floor plan should be shown 

Reference Chapter 34 


Exercise 28(*). Bam Equipment 

A hst of all the equipment m the dairy bam should be made 
This should mclude kind of ties, stalls, feedmg arrangement, 
method of ventilation, and all other equipment Drawings 
should be made of such equipment as ventilators, special stalls, 
eta 

Reference Chapter 35 

Exercises 29 to 35 Dairy>Fann Problem 

The object of this dairy farm problem is to brmg together m 
a fairly comprehensive way some of the factors diat must be 
considered in laymg out a dairy farm business All points having 
a direct and definite bearing upon the dairy problem should be 
considered The farm may be the home farm of the student, 
some farm with which he is acquainted, now used as a dairy 
farm, or one that he may be mterested m convertmg into a dairy 
farm, or it may be purely imaginary The last, however, is not 
desirable The bam plans and equipment in Exercises 26 and 27 
may also be made with the same farm m view 
1 The Layout 

A The farmstead 

(1) Layout of farm, size, etc To scale, notebook size 
paper 

(2) Make a list of fields and total expected crop yields 

(3) location of the house, bam etc . to scale 

(4) Estimated value of the dairy bam and equipment 

2. Give Area, Yield (m Pounds), Use, and Sales of All Crops 

Grown on the Farm Use a form like the following (following 
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tables are only samples to show the kind of work and forms to 
be used): 


Crops 

Area 

Yield 
per Acre 

Total I 
Yield, 

1 pounds 1 

Sales, 

pounds 

Used, 

pounds 

Value of 
Crop 


1 


! 





3. The Livestock. Show the numbers and values of animals 
that you would start with at the beginning of the year, the esti- 
mated sales, purchases, and deaths, and the numbers and values 
at the end of the year, by a table like the following. Indicate 
the date of sales and purchases that greatly affect the numbers 
of animals. 


Cows, Heifers, Bulls, and Calves 


Number, Beguuung 
of Year 

Sales 

! 

1 Purchases 


Number End 
of Year 

No. 

Value 

Total 1 

No. 

Value 

Total 

No. 

Value 

! 

Total 


No 1 

Value 

Total 










i 



1 


4. Feed Used. Decide upon the rations to be fed the different 
animals during the year. Base tlie rations on good feeding 
practices and current feed prices. Fill out a table like the fol- 
lowing, to show the feed, pasture, and bedding requirements. 
Include each kind of feed and eacli kind of roughage separately. 
If the animals are fed different rations during different parts 
of tile year, give the ration for each period on a separate line. 




584 


Appendix 


Feeds Fed dunng Year 


Number of Animals 

Days 

Per 

Day 

ToUl 

Per 

Day 

Total 

Per 

Day 

Total 

Per 

Day 

Total 

___ Cows 

Heifers 1-2 yr | 

___ Ilei/ers under , 
1 yr 
Bulls 


1 

1 

1 




1 


Total for 12 mo. 
Home raised 
feed used 
Bought feed used 











5. Cost of Production. In consideration of feeding practice 
and management on the farm, what would be the probable cost 
of keeping the dairy herd? 

Cost 

Feeds Gram $ - 

Hay 

Other dry forage 

Silage 

Other succulence 

Pasture 

Labor Man hr per hr. 

Truck hr per hr 

Interest on m\eslment 

Depreciation on dairy cow a 

Bedding 

Use of building. 4 per cent \alue 

Depreciation 

Bull service 

Other costs 

Total 


6. Receipts. The receipts from cows should include milk and 
milk products sold or used on the farm, manure produced, and 
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value o£ calves at birth, also, hides, etc. Use a form like tlie 
following. 

Milk sold lb. Price per 100 lbs. $ 

Milk used oil farm lb. 

Manure tons. Price per ton 

Calves 

Other receipts 

Putter lb. 

Cream gal. 

Total 

7. Costs. The products of the dairy herd consists of milk, 
manure, calves, and miscellaneous receipts In order to find the 
cost of producing milk, we must assume that manure, calves, 
and miscellaneous receipts are valued at cost Subtract the 
value of manure, calves, and miscellaneous receijDts from the total 
cost to find tlie cost of producing milk. Use the following form. 

Total cost from, 5 $ 

Value of manure, calves, etc , from 6 

Cost of produclug milk 

Cost per cwt 

Cost per qt. — 

Cost per Ib. butterfat 

8. Dairy Management Methods. (Thesis about 1000-1500 
Words ) 

(A) Dairy cows 

{a) Kind and producbon 

(b) Management, breeding, etc. 

(c) Methods of breeding, stabhng, etc. 

(B) Bulb 

(a) Scheme for stabling, feeding, handling, etc. 

(C) Heifers 

(a) Metliods of feeding, stabling, etc 

(b) Breedmg and management. 

(D) Calves 

(a) Scheme for stabling, feeding, handling, etc 

(E) Methods of disposal of dairy animals and products. 

9. Balance Sheet. Make a balance sheet showing net returns 
of whole farm, considering otlier side lines, expenses, and in- 
crease or decrease in total capital. 

RLFfcjit^CE Chapters 11, 30, and 33. 
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TABLE A 


Aveuagb Nctiuent CoMPosmo'i op Some Common Feeds * 


Feed 

G « ii< and Ot^r iSudl 
BuW eommoa 
Beene, Eeld or neey 
Buckwheet, wmaoa 
Co 0 deot, No. \ 

Coro, deal, No 2 
Cottoneeed 
Covpeo. «boU 
Emaier t>uai 
Fetet U gra ne 
Milo traiat 
OaU, Ml Fmi£« Coatl 
rcOMcd. field 
RieeErta 
srmo 

SlieUu, Era 0 
So tbum wed (SwKt) 
So)l>eaaKed 
Vricat, aTeraga 


Total 
I>i£esl* Digeat' 

Total 1)« bio Set 

Tto* Pro* Nate Energy 

teiD, le 0 , enU ^Tbe ms Phoa* 

per pet per per 100 Calc um pho us 

cent coat tent Founds per cest per Kot 


mg. 

per 


89 1 
SO 0 
88 0 

87 0 

88 0 
92 7 
89 0 
91 1 
89 4 

89 4 

90 2 
90 7 
88 8 
89 5 
89 8 

89 2 

90 0 
89 S 


12 7 

22 9 
10 2 

8 8 
8 6 

23 1 

22 4 
12 1 
12 2 

11 3 
120 

23 4 
7 9 

12 8 
13 4 

9S 
37 9 
13 2 


10 0 
202 
7 4 

e 8 
0 8 
17 1 

19 2 
9 7 
9 S 
88 

9 4 

20 I 
00 

10 0 
10 0 

0 8 
33 7 
11 1 


77 7 

78 7 
02 2 
82 0 
80 1 
90 8 

76 0 
72 2 

79 8 

80 I 
70 1 

77 9 
70 2 
70 1 
80 7 
77 5 
87 0 
80 0 


70 5 

00 8 
82 0 
80 1 
70 0 

76 0 
67 7 

77 9 
77 9 
72 1 
77 9 
80 1 
70 8 


87 0 
80 0 


0 06 
0 IS 
0 09 
0 02 
0 02 
0 14 

0 n 

0 02 
0 03 
0 09 
0 17 
0 08 
0 10 

0 02 
0 2e 
0 04 


0 37 
0 57 
0 31 
0 28 
0 27 
0 70 
0 46 
0 33 
0 33 
0 30 
0 34 
0 61 
0 33 
0 33 

0 28 
0 59 
0 39 


0 19 

2 2 
0 11 

0 05 

0 04 

0 38 
0 04 


UUI £|r-Fn>dads 
Apple pomace dried 
Apple pomace vet 
Beet pulp, dried 
Beet pulp. «et 
Blood flour auluUa 
Blood meal 
Bom meal, raw 
Bone meal, steamed 
Brewers grama, dned. 21^^ pc^ 
tem and orct 

B cwtfs pams, dried, below .J^ 


89 4 
2 ! 1 

90 1 
11 6 

92 3 

91 8 

93 6 
96 3 


4 5 
1 3 
9 2 
I 5 
84 7 
845 
260 


1 7 
0 5 
4 3 
0 8 
81 3 
60 0 
17 8 


M 0 
16 0 
«7 8 
8 8 
S3 9 
61 3 
IT 9 


76 1 


67 2 
67 2 


0 10 
0 02 
0 67 
0 09 
0 68 
0 33 
23 05 
31 4 

0 29 


0 09 
0 03 
0 08 
0 01 
0 50 
0 25 
10 22 
16 00 

0 48 


9^ 9 27 6 22 3 671 
92 2 25 4 18 S 61 8 


‘Takea by tpeoal permittMa o( tba Uomsoa Fubhabiag Compaay Ilbaca. New lork, from Frrife and 
Ftediiv *lst cditioB. tiy F B.M[imsoD. 
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TABLE A (Continued) 


Average Netbient Composition of Some Common Feeds 


Pry 

flatter 


P« 

Feed cent 

Bren'ers* grams wet 23 7 

Buckwheat middlmga 88 7 

Citrus pulp dried 90 1 

Citrus pulp wet 18 3 

Cocoauut oil meal h}dr or exp 
process 93 3 

Cora-aad-cob meal 86 1 

Corabraa 90 6 

Corn feed meal 83 6 

Corn-gcriameal 93 0 

Coro gluten feed 90 9 

Cora-gluten meal 91 4 

CocbciIianiUopl 91 7 

Cottoiueed meal 43% protein 92 7 

Cottonseed meal 41% protein O'* 8 

Cottonseed meal below 41% pr> 
tern 92 4 

DutiUera dntd corn grams with* 
out solubles 92 9 

Pistillers dr ed corn grams with 
solubles 93 1 

Distillers dried corn grams sol 
-vent esUac 93 7 

Dulillcrs dried rj e grams 93 9 

Distillers solubles, dried, corn 93 0 

Fishmeal all analyses 92 9 

Hominy feed, 5% fat or more 90 4 

lIonuD) feed low m fat 89 7 

Linseed meal, all analj-ses op 91 0 

Malt sprouts 92 6 

^lolasses, beet 80 5 

Molaascs, cane or blackstrap 74 0 

OatmeaL or rcAled oats without 

hulls 90 8 

Oat mill feed 92 4 

Palmo middhngs 94 1 

Pea feed or meal 90 0 

Pea&ut^il meal, o p. all anal) sea 93 9 

tlienuddlmgs 90 3 

Screeuings, gram, good grade 90 0 

So} leaned meal exicUcr or h) 
draulie process, all anali-ses 90 9 

So)bcaiMil meal, solreot process QO 6 
IMieat bran, all anab'ses 90 t 

tVhrat red dog 89 0 

VNlieat screemno, good grade 90 4 

Wheat nuddUocs, standard, all 
aaal}« 89 0 

Wheat, brown shorts 83 7 


Total 
Digest* Digest* 
Tout ible ible 

Pro* Pro* Nutri- 

iein tern ents, 

per per pec 

cent cent cent 

5 7 4 2 16 1 

29 7 25 8 75 7 

5 9 2 5 74 4 

I 2 0 5 15 1 

21 3 18 1 77 7 

7 3 5 3 73 2 

9 7 5 5 69 4 

9 8 7 5 83 1 

19 8 14 8 76 1 

25 5 21 9 76 0 

43 1 36 6 80 2 

22 3 16 I 77 I 

43 9 36 4 75 8 

4t 5 32 8 70 6 

38 2 30 2 63 9 

28 3 20 7 62 4 

28 $ 21 0 80 9 

33 4 2« 4 71 2 

18 5 11 1 60 8 

26 7 I» 5 77 1 

63 9 56 2 72 8 

II 2 8 0 84 5 

10 6 7 5 81 4 

35 4 30 8 77 2 

26 8 20 6 ID 9 

8 4 4 4 60 8 

2 9 0 0 54 0 

16 0 14 4 91 4 

5 6 3 7 37 6 

16 1 13 4 85 5 

17 7 14 5 77 9 

43 5 39 6 83 4 

16 6 12 6 73 0 

15 8 II 4 67 3 

44 3 37 2 78 4 

46 1 42 4 -8 5 

16 9 13 7 67 3 

18 2 16 0 85 6 

13 9 10 0 63 7 

15 1 IS 0 77 2 

16 9 14 4 74 3 


Net 

Energy 

Therms Phos- 

per 100 Calcium, phorus 
Pounds per cent per cent 

16 1 0 07 0 12 

1 02 

75 0 2 07 0 15 

77 7 t> 21 0 04 

71 4 0 22 

0 03 0 27 

83 1 0 03 0 34 

0 5S 

72 2 0 48 0 62 

80 2 0 13 0 38 

70 2 0 06 0 56 

76 9 0 23 1 12 

70 6 0 20 ! 22 

67 5 0 23 1 29 

82 4 0 11 0 47 

80 9 0 16 0 74 

53 5 0 13 0 43 

0 30 1 41 

72 8 4 14 2 67 

84 5 0 22 0 71 

78 3 0 39 0 87 

61 7 

0 03 0 02 

63 1 0 74 0 08 

0 07 0 46 

40 0 0 13 0 16 

70 9 

83 6 0 16 0 54 

0 44 

57 6 

78 4 0 29 0 66 

78 4 0 30 0 66 

67 2 0 14 1 29 

85 6 0 07 0 51 

0 44 0 39 

77 2 0 09 0 03 

60 9 


Caro- 

tene 

mg. 

per 

pound 


0 10 


10 0 
0 2 


4 10 
0 14 
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TABLE A (Confmucd) 

Average Nutiiient Cosiposxtio'I of Some Coiuios Feeds 

ToUl 
Dieot* D«nt> 


ToUl 
Dry IVo- 

Mkttcr te n 

pef p» 

Feed cent oeot 

Wheat «hit« eborte 89 7 18 1 

Yeagt, br**eti, dned 83 8 48 3 

Yeaet, irradiated, dned 83 9 48 7 

AltU and Bir-Pnidadt 

Buttermilk 9 4 3 8 

ButtenmUc, coodetiaed 29 7 10 9 

Biitternulk, dried 92 4 32 4 

Milk, CO* a 12 8 3 5 

S Vim milk, ceDlnluBll 9 5 3 6 

Skim milk dned 94 2 34 7 

Wbey from cbe«M 6 9 0 9 

Wbey dned 83 8 12 2 

Lttutit Have 

AUalCahay allaulyaei 90 S 14 8 

Al&lh bay leafy 60 8 » 8 

AUalta hay etemiDy 90 S 12 1 

AUalfaleaf meal, (ood 92 3 21 2 

Alfalfa meal, (ood 92 7 16 1 

Alfalfa and tunothy 89 8 11 1 

Cloret hay aleike, all analyee* 88 9 12 1 

CloTcrhay enmaon 89 8 14 2 

Clorer bay Udioo 88 0 19 4 

Clover bay masunoth red 88 0 11 7 

Clover bay red. all apalyaee 88 1 118 

Clover bay ewcet, flrat year 91 8 16 5 

Cltnit hay iweet eecond year 03 7 18 5 

Clover aod t motby bay 88 I 8 6 

Covpea hay all analyse* 90 4 18 6 

Eudra bay 89 0 15 9 

I,e8i«deza hay annual, all analy 

ees 89 3 12 7 

Leepedeea hay perennial 89 0 13 2 

Pea hay field 89 3 14 9 

Pea and »U bay 89 1 12 1 

Peanut hay without nuta, good 90 7 ID 1 

Peanut bay with nute 92 0 13 4 

So} bean bay all analj-ae*. good 88 0 H 4 

1 etch bay common 89 0 13 3 

\ etch hay hairy 88 0 19 3 

AmUevume Have 

Barley bay 90 8 7 3 

Bluegna* hay &atucky all 

at>al>-se* 89 4 8 2 

Brome,graaaba7 88 1 9 9 

Millet bay foitail 87 S 8 2 

Oat hay 88 1 8 3 

Oat^gnea bay tall 88 7 7 S 


iU« iUa >el 

Bt»> Energy tene, 

tMj cst^ llierms Fbo»* tng. 

pet per per 100 Calcum pboru*, per 
cent cent Found* percent percent pound 

14 S 85 9 85 9 

42 4 70 S 59 9 0 13 1 56 

41 9 20 2 1 48 1 23 


3 3 9 1 10 4 0 14 0 08 

9 8 26 5 0 44 0 26 

29 2 84 0 88 8 1 36 0 82 

3 3 16 3 19 6 0 12 0 06 0 44 

3 4 8 7 10 4 0 13 0 10 

31 2 80 7 88 8 1 30 1 03 

0 8 6 5 6 5 0 05 0 04 

II 0 78 3 78 3 0 86 0 72 


10 5 SO 3 41 0 I 47 0 24 11 4 

11 7 41 5 42 2 1 50 0 24 16 4 

8 1 48 2 84 3 1 10 0 18 8 2 

16 1 56 7 47 1 1 69 0 25 8l 5 

II 8 S3 6 4( 2 1 32 0 19 43 4 

6 6 46 1 0 81 0 21 

81 $32 430 1 15 023 

6 8 48 9 39 1 1 23 0 24 

14 2 54 9 1 32 0 29 

6 8 52 0 0 24 

71 $2 2 42 8 1 35 0 19 8 6 

11 9 $0 3 41 0 1 37 0 26 

64 47 3 35 S 125 023 

4 8 $1 2 41 0 0 88 0 20 

12 3 $14 40 3 1 37 0 29 

10 7 19 2 2 78 0 21 17 8 

6 4 47 S 39 0 0 68 0 IS 22 4 

4 4 41 4 0 92 0 22 IS 9 

10 6 5S1 41 3 1 22 0 25 

86 529 39 7 0 72 022 

6 6 $1 9 38 9 1 12 0 13 8 0 

10 2 71 6 1 13 0 IS 

9 0 49 0 34 8 0 9i 0 24 13 f 

10 1 $5 3 1 18 0 32 

U 2 57 1 1 13 0 32 


4 0 $1 9 40 5 0 26 0 23 

4 8 $4 8 0 46 0 32 
SO 48 9 38 6 0 20 0 28 
4 9 50 0 37 5 0 29 0 16 
4 9 47 3 38 8 0 21 0 19 
3 4 47 I D 14 
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TABLE A {Continued) 

Average Nutrient Composition of Some Common Feeds 

Total 
Digest* Digest* 


Total 
Dry Pro* 

Matter tein 
per per 

Feed cent cent 

Orchard^rass hay early cut 83 6 7 7 

Prairie hay western good quality 90 7 5 7 

Redtop hay 91 d 7 2 

Rye hay 91 3 6 7 

Sudan grass hay in bloom 89 2 8 4 

Timothy hay allanaljses 89 0 0 5 

Wheat bay 90 4 6 1 

Sirawt and Fodder 

Barley straw 90 0 3 7 

Buckwheat straw 88 6 4 3 

Corn fodder well eared Tcrydry 91 I 7 8 

Cora stOTer very dry 90 8 5 9 

Cowpca straw 915 6 8 

Flax straw 92 8 7 2 

KaOz fodder very dry 90 0 8 7 

Kafir stover very dry 90 0 5 5 

Oat straw 89 7 4 1 

Rice straw 92 5 3 9 

R}e straw 92 8 3 5 

Sorghum fodder sweeti dry 83 8 0 2 

Wlieat straw 92 5 3 9 

Stloffri 

Alfalfa wilted 36 0 0 0 

Alfalfa molasses, not wiltol 26 8 4 1 

Alfalfa, molasses wilted 30 6 0 0 

Apple pomace 20 9 1 0 

Clover red 30 9 4 0 

Clover red molasses 33 7 4 4 

Clover sweet 2S 0 4 5 

Com dent well matured all 
analjscs 27 4 2 2 

Cora debt, stover silage 23 0 1 5 

Corn aad soybeans, well maiured, 

30%BO)beana 28 3 3 2 

Kafir 29 7 2 1 

Oats, molasses added 32 0 2 7 

Pea, field 27 9 3 8 

Potato, mixed hay 33 7 3 8 

Rye with molasses 23 7 2 4 

^shum, sweet 25 3 1 0 

^ylirarw, willed 33 2 5 0 

Podan grass 20 3 2 3 

SiaSowtr 22 0 2 1 

Timothy w Itcd 40 8 4 4 

Timothy willed mo’its 42 5 4 1 

\tUh 30 I 3 s 

\ etch and osU *3 4 33 


ible 

ible 

Net 



Caro* 

Pro 

Nutri 

Energy 



teoe 

tern 

ents 

Therms 


Phos- 

mg. 

per 

per 

per 100 

Calcium 

phorus 

per 

cent 

cent 

Pounds 

per cent 

per cent 

pound 

3 9 

47 8 

36 8 

0 19 

0 17 


2 1 

49 6 

37 2 

0 36 

0 18 

9 3 

3 2 

48 7 

37 5 

0 33 

0 23 


2 8 

44 7 



0 IS 


4 7 

51 8 

33 6 




2 9 

48 9 

38 0 

0 23 

0 20 

5 3 

3 3 

46 7 

35 0 

0 14 

0 18 



07 

42 2 

22 4 

0 32 

0 11 


1 2 

37 5 


1 24 

0 04 


3 8 

58 6 

39 4 

0 24 

0 10 

1.8 

2 1 

51 9 

27 0 

0 29 

0 05 


20 

38 3 





5 8 

38 1 


0 48 

0 07 


4 5 

53 6 

39 2 

0 35 

0 18 


1 9 

51 3 

27 7 

0 51 

0 09 


07 

44 7 

23 3 

0 19 

0 10 


0 0 

41 5 


0 19 

0 07 


0 0 

42 2 

9 0 

0 26 

0 09 


3 3 

52 4 

35 1 

0 34 

0 12 

1 1 

0 3 

40 6 

10 0 

0 21 

0 07 


4 1 

21 3 

18 1 

0 51 

0 12 

14 3 

2 7 

15 4 

13 2 

0 41 

0 03 

14 5 

4 0 

21 4 

18 4 

0 56 

0 11 


0 0 

15 5 


0 02 

0 02 


2 0 

IS 3 

15 0 

0 50 

0 07 


2 8 

10 9 





3 4 

15 7 





1 2 

18 1 

15 2 

0 10 

0 06 

6 4 

0 0 

13 1 

9 1 

0 03 

0 01 


2 0 

19 7 

19 7 

0 20 

0 03 


1 1 

to 9 

12 7 

0 07 

0 05 


1 4 

10 9 


0 08 

0 07 

17 7 

3 0 

19 2 


0 38 

0 09 


2 2 

21 0 





1 0 

11 4 





0 8 

15 2 

12 2 

0 03 

0 04 

2 7 

3 9 

19 1 

16 2 

0 45 

0 12 

14 6 

1 0 

14 7 





1 0 

12 2 

10 4 

0 39 

0 01 


2 3 

23 S 

20 0 

0 23 

0 13 

14 1 

2 1 

25 5 


0 22 

0 10 


20 

18 9 





1 5 

13 4 

13 1 
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TABLE A (CWwuffl) 

Average NETRIE^T Compositjov of Some Coiraios Feeds 

Toul 

Diseft* 

Total lUe lUe ''ct Cazo- 

Dry P»- Ena-cf Wm. 

Matter teiD, Uui. Mta, TbRma Fba»- mg. 


KooUani] Tulrra 
BeeU, commoti 
Beeta. eugar 
Carrota 
Maogela 
FatatMa 
Fumpkina, field 
Rotabogaa 
Sitect FotatMt 
Turn pa 

Orten Ferae* 

AUalCa, all ualyua 
AKalla and t noUiy l>all and half 
Barlry loddar 

Bluesraai Kantuclcy paatura 
Bioai* graaa. aaiooth, good pa^ 
tuia 

CloTR crunaon 
Ootar ladioo paatura 
Clorat naniaioOi rad 
Oorar rad. all asalyaea 
QoTar avaet, la Moom 
Oonr and mued eraaaea paatura 

vcUpaiad 

Cora fodder dent, all aoalyeea 
Com atorer green 
Kafir fodder all anilyaea 

licspedeza. annual, paatura 
^Ulet, foitad 
Oat fodder 

Orebard'graai paatura 
Feaa, field 
Pcaiaodoata 
Rye fodda 
Rye paature 
goylieana, all analyees 
Sudan graea. pasture 
TuDOlliy pasture 
Timotfiy iQ bloom 
Retell, hairy 
% etch and wheat fodder 
Wheat fodder 


per ptf per Cet 

cent ani cent cent 


13 0 18 12 10 1 

18.4 18 12 13 2 

11 B 12 OB 10 3 

B2 13 00 70 

21 2 2 2 1 3 17 B 

10 4 1 7 1 3 9 0 

11 1 13 10 0 3 

31 8 1 8 0 2 26 1 

93 13 09 78 


283 48 34 14 7 

21 7 4 3 3 4 14 1 

22 2 3 2 2 3 14 2 

30 2 8 8 3 9 19 2 

280 $2 37 IS 8 

17 4 3 0 2 3 11 3 

18 3 4 4 3 7 II 4 

28 1 4 0 2 8 18 4 

280 40 28 18 8 

29 2 8 8 4 2 19 0 

20 0 4 8 3 4 13 9 

24 0 3 0 >2 18 3 

237 13 08 13 0 

23 8 2 4 1 2 14 4 

30 6 8 8 4 2 19 9 

280 41 20 12 7 

29 9 2 9 1 8 18 7 

28 6 2 8 1 9 18 9 

23 9 4 3 2 2 12 1 

17 3 3 8 2 0 12 2 

22 5 3 2 2 4 24 3 

22 3 2 8 2 1 18 3 

19 7 84 40 n2 

24 0 4 1 32 152 

21 8 3 3 2 4 14 3 

239 47 3$ 184 

32 0 2 8 IS 200 

18 2 4 2 3 S 12.3 

29 7 3 4 2 8 201 

31 9 2 7 IS 18 8 


per 100 Calcium photua, per 
Founds per cent per cent pound 

10 1 0 03 0 M 

13 7 0 04 0 04 

10 3 DOS 0 04 27 2 

7 0 0 01 0 03 

17 9 0 01 0 08 

0 04 

9 6 0 08 0 (B 

28 2 0 03 0 04 

7 8 0 06 0 02 


n 8 0 38 0 07 28 3 

0 30 0 07 

12 1 0 07 0 08 20 9 

18 7 0 18 DU 36 0 

US 0 12 0 08 31 8 

0 24 0 08 

0 20 0 07 28 2 

14 6 0 38 0 08 20 9 

0 37 0 07 

12 1 0 23 0 07 

14 2 0 06 0 05 

11 6 0 07 0 01 

12 2 0 09 0 05 

0 90 0 07 

11 0 0 28 0 07 

15 3 0 10 0 08 

14 4 0 10 0 09 27 0 

10 5 0 14 0 12 "6 8 

10 6 0 24 0 05 

U 2 0 17 0 07 

0 08 0 07 

11 5 D 13 0 10 

12 9 0 26 0 07 37 8 

12 2 0 12 0 ID 21 8 

13 1 0 14 0 09 24 2 

16 6 0 08 0 07 

023 007 

0 05 0 


07 20 2 
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T.UJI.E C 


Recommended Daily Allowances FOn Daiby Cattle ** 

(Based on Air-Dry Feed Containing 90 Per Cent Dry Matter) 



Expected Gam | 

Daily Allowances per Animal * 

Body* 
Wei^it, 
pounds 1 

Small ] 
Breeds, 
pounds 

Large 

Breeds, 

pounds 

Total 
Feed. , 
pounds 

Diftcst- 
ible 1 
Protein, 
pounds 

T D,N.. 1 
pounds > 

i 

Cal- 
cium, ' 
grams 

1 

Phos- 
phorus, ' 
grains 

Caro- 
tene, 
ntilli- 1 
grams 

Vita- 

mm 

D. 

I.U. 


Normal Growth oC Dairy Heifers 





0.0 

0 20 

1 0 

4 

3 

6t 

200 



6.8 

2.0 

0 40 


8 

6 

6 

400 




4 0 

0.50 


12 

8 


600 




6.0 

0 60 

4 0 

16 

11 

12 

soo 



1 8 

11 

0 80 

6 3 

20 

15 

24 




1.4 

15 

0 85 


18 

15 




1.1 

1.2 

19 

0.90 

10.0 

16 

15 

48 




22 

0 95 

11.0 

15 

15 

60 


1200 


1.2 

24 

1.00 

12 0 

15 

15 




Maintenance of Mature Cons $ 





14 

0 50 

6 8 

8 

8 

48 





16 

0 60 

8 0 

10 

10 

60 





IS 

0 70 

9 2 

12 

12 

72 





21 

0 80 

10 5 

14 

14 

84 


1600 



23 

0.87 

11 4 

16 

16 

06 



Reptoductioo. (Add to Maintenance Durine I^t 2 to 3 Months) 


2.0 1 

8.0 j 0.60 

0.0 j 

12 


Lactation (Add to ^talQtenance for Each Pound of Milk) 



3.0% fat 

4.0% fat 

5 0% fat 

6 0% fat 


' 0 040 
i 0.045 

1 0 050 

0 055 

0 28 

0 32 j 
1 0 37 1 

0 42 1 

1 

1 1 
1 

1 ' 

0,7 

0 7 

0 7 
0.7 

" 

D 

Mamteiuince of Breeding Bulls 

1200 



IS 

I 00 

10 3 

12 

1 12 

1 7. 


ICOO 



22 

1 20 

12.9 





2000 



27 

1 45 

IS 6 

20 1 

20 



2400 

■■ 


31 

l.CO 

18.2 

24 

24 

1 



• Thiamine, nbofla^'la, niacm, pyndoxuie, pantothenic acid, and vitamin K are synthesized 
by bacteria in the rumen, and it appears tliat adequate aniounU of these vitamins are fur- 
nished by a combination of rumen e^mthesia and natural fecdstuffs. Slaneanese, iron, copper, 
and cobalt are clearly essential, but the ainounta needed are not known. For gronth, 0 0 em. 
magnesium is niedeu per 100 twunda of body weight. 

t Cal^cs should receive colostrum the first few days after birth, os a source of vitamin A 
and other essential factors. 

JtVhile Mtamin D is known to be required, the data are inadequate to warrant specific 
figures for older growing animals and for maintenance, reproduction, and lactation. The 
yitaimn D allowance lias been mcreased lioin 300 to the present 400 I U. per 100 poun^ 
body weiglit to nrotnde a safety margin comparable to that of oUier nutrients 

i When cafculating the ailowanevs for lactating heifers that are still growing, it is recom- 
mended that Ui« figure foi^ srotcik rather tlmn nwinfmaficc be used. 

I ^thcn adequate amouata of siUmina A and D are fed for normal reproduction, extra 
probably not sUinulate nulk production but will increase the ntainm content 

•• Itecummended Nutrient Allowances for Dairy Cattle, Natl, llesearch Council, lOoO. 
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TABI^ D 


Reco5»ii2vded Notiuent Content of Rations for Dair\ Cattle * 

(Based on Air Dry Feed ConUmmg 90 Per Cent Dry Alatter) 



Average Age t 

AQovaneel u Per Cnt tl Rat on oi 

Amount per Pound o{ Feed 

We ght, 1 

pounds 

Small 
Bteedi, ] 
montba 

! 

1 Large 

1 D eedi 

1 inontha 

ToUl 
Daily 
pounda 1 

Feed 
Pei Cent 

i «.{ 

' Deest- 
Ide 

Prole n 1 
Pe Cent' 

TDN 1 

Cal 1 
cium ' 
P«r 

per 

1 

Caro- 1 

mg Ab 

Vta- 

IminD 

ID 


No m&l GtovOk «t D»iry He fe * 


SO 

IM 

ISO 

■>00 

100 

soo 

soo 

1000 


H th 

2 3 

3 7 
1 B 

10 0 
17 2 
28 


0 2 

0 6 2 0 

2 0 4 0 


3 1 
i 7 
10 6 
16 0 
32 0 
26 


U 

IS 

19 

22 

24 


1 6 23 

20 20 

2 7 12 $ 

3 0 10 0 

2 8 73 

27 $7 

2 5 4 7 

2 2 4 3 

2 0 4 2 


no 

100 

s 

67 

S9 

57 

S3 

50 

SO 


0 98 
0 88 
0 66 
0 SS 
0 40 
0 26 
0 19 
0 15 
0 14 


0 3 
0 66 
0 44 
0 40 
0 30 
0 22 
0 17 
0 IS 
0 11 


3 0 
2 2 
2 0 
2 2 
2 4 
2 5 

2 7 

3 0 


220 

200 

130 

130 


Ma oUoMce of Slalote Coal 



1 8 I 3 6 SO 

1 6 I 3 7 SO 

1 5 I 3 0 SO 

1 4 I 3 6 SO 

I 3 I 3 8 SO 
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TABLE E 


Space Reqixired fob Storing Various Feeds * 



Weight per 

Cubic 


Cubic Foot 

Feet 

Material 

in Pounds 

per Ton 

Hay, loose iu shallow mows 

4 

512 

Hay, loose in deep mows 

5 

400 

Hay, baled loose 

10 

200 

Hay, baled tight 

2J 

80 

Hay, chopped long cut 

8 

250 

Hay, chopped short cut 

12 

167 

Straw, loose 

4 

512 

Straw, baled 

12 

1G7 

Silage, shallow 

30 

07 

Silage, deep 

50 

40 

Barley, 48 lb. per bu. 

39 

51 

Corn, car, 70 lb. per bu. 

50 

30 

Corn, shelled, oG lb. per bu. 

Corn, cracked or corn meal, oO lb. 

43 

41 

per bu. 

40 

50 

Com-and-Kiob meal, 4J lb. per bu. 

3G 

50 

Oats, 3‘2 lb. per bu. 

20 

77 

Oats, ground, 22 lb. per bu. 

18 

111 

Oats, middlings, 48 lb. per bu. 

39 

51 

R>e. jO lb. per bu. 

15 

44 

^Vhcat, GO lb. per bu. 

48 

42 

Soybeans, C2 lb. per bu. 

50 

40 

Most concentrates 

45 

44 

Adapted from Hoard’s Dairyman (1951). 
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TABtE F • 

Average Weiguts op Different Feeding Stuffs 



One Quart 

One Pound 

Feeding Stuff 

Weighs 

Measures 

Barlej meal 

1 1 lb 

0 9 qt. 

Barley, Vihole 

1 5 1b 

0 7 qt. 

Breakers’ dned grams 

0 Gib 

1 7qt 

Corn and-cob meal 

1 4 1b 

0 7 qt 

Corn bran 

0 5 Ib 

2 0 qt 

Com meal 

1 5 lb 

0 7qt 

Corn, ^bole 

1 71b 

0 6 qt 

Cottonseed meal 

1 5 lb 

0 7qt 

Distillers' grams, dried 

O.o-O 7 lb 

1 0-1 4 qt 

Genn-oil meal 

1 41b 

0 7qt 

Gluten feed 

1 31b 

0 8 qt. 

Gluten meal 

1 7 1b 

0 6 qt 

Hooiuiy meal 

1 J lb 

0 9 qt 

Linseed meal (n p ) 

0 9 lb 

1 1 qt 

Linseed meal (op) 

1 1 lb 

0 9 qt. 

Malt sprouts 

0 Clb 

1 7 qt 

Oats, ground 

0 71b 

1 4 qt 

Oats whole 

1 01b 

1 Oqt 

Bj c meal 

1 5 1b 

0 7 qt 

Rje, whole 

I 71b 

0 6 qt 

AMieat bran 

0 31b 

2 0 qt 

Blical, ground 

I 71b 

0 6 qt 

'\Ylical middlings, flour 

1 21b 

0 8 qL 

^Mlcat middlings, standard 

0 81b 

1 3 qt 

^\heal, whole 

2 91b 

0 5 qt 


^o(e 21j 0 42 cubic inches equal one bushel. C7 2 cubic inches equal 
one quart dr> measure 
• Farmery Hu! 222 




i The UelUviUe daUi mdieate lliftt the table p( aila^ «cn:;>ita can be used without chance for 
eilace made from neU-cared com tliAt waa fioeiir clioppcd when. put m the mIo, if it waa cut 
when ahchtly dented to well dented and beforo it u fully dented and tiard. Cut at this stace, 
ada^fi wul noTTually contain 70 to 74 wr rent of tnoiature or 30 to 20 per cent of dry matter 
horcom ai]at.e ihOenns; from the aborr. the IklU^iUe data indicate that the followmc cor- 
rccuona aliould be uaed 

(a) If the corn is weU eared but immature, add 5 per cent to the ficures in the table If it 
has only a fair number of ears, deduct 5 per cent and if it haa few ears or none d^iict lUper cent. 

lb) U the cum contains 31 to 33 per rent of d(> matter (almost fully dented), deduct S to 
10 per renU 

(e) It the com contains 3 1 to 3d per rent of dry matter (fully dented and hard), deduct 
13 to 20 per cent 

(tf) U the com b cut in ti> to sinneh tenstha or lonser. deduct 3 per cent. 

(biom C i> .4 Cwe. 003.) 
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ScGGZsTED Rates eob Cbabcing for CcsTOii 'Wobk 


Ftna Ofiuatioa 

TitUge 

PJowiDg' J-tioHom plo* 

3-botU)m plo# 

Diak hVT««. 10 -foQt undem 

Drkg harro* SO (oot 

PaeluDg, doubIe-p>DE eftnsiUd nU(( 


iQ 

Sngsesud (Ae(ji»leWgedepebdi 
Opcrctiog upooindjnauaJi^ 


S3 2S to U 00 per u 
2TSIO SSOperxt 
ElSto 140 per » 
0 75 b9 OSSperx 
lOOto LSSperu 


to 1 4S per acre 
ISO to 21$ per acre 
LIS to 140 per acre 
ISOto SlSpericra 


CuUinUon 
Ue«Jer, 4 re« 

ItotMjW 3 rev 

CU unU eborel or (verfv 2 rev 


iUolinc ttoo 6^ eWtatiAE »sil bko&ts| 
CoAbauoc. direct, ec pickup 

Viftireviag 

Feng* WrrtUef eor> oc eDaeuiiv dfU est 
grua and legume field cut 
RauL eWnle, or Uov and pack iilage 
SheUeora 

^«SSv»* 

Oakuigbay 

UvdM OM baiilint looee tia/ 

automalie fiM Inle. incbidag lie 
Rckuru liauL and fMc Uda 

(if ind^IUd ccra 
(irind ear eon 
Oind eoto 

Cried eaU « amaU fraato 
FeetdiiiAC 

load. kauL and ermd maDim t 
Stnad commercial fertalucr Iroadeaet 
SreaiiBC 

2 4-0 (corn ae fiat vsrk tadudea 2 4-D) 
■^7 fora barer (M malaolt (unoehed) 

DOT fif OMitrel la twildintr and araoad 
1^ men (no mauriaU) 
kliinllawoua 

Clip paitivea 


' Bead OB coat accouDlind ripcriroce. (Jod 
lore laua. eetova vniianc. fivL and laLord 
t UHound baea, 33 la 34 balra po ton. 


0 75 to OPOperaffP 
IlSto 140p«acic 
ICOto SOOperacra 
1.25(0 lAOjwaov 

SOOto SDOperaae 
00$ to 007perbii. 
SOOto SXOperaoe 
SOOu 2 40pethcn 
7A0to BDOperaeta 
7A0to tOOperaei* 
lAOto IWperton 
OOSto OOTperUi. 

LSOto IfiOpeiacv 
LIS to 1 40 per as* 
SAOto «20F<racr« 
3.90 to 4 60 ptf too 
3.2Sto 3 90 per ton 

0.11 to 013 per bu. 
012 to 015 per bu. 
OASU DlSpercvt. 
0 10 to 0 13 p« to 


1 45 to LTO pa *e 
tea to 3 15 per a< 
0.27 to DA3eack 
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TABLE I 

Gestation Table for Dairy Cattle 
(Computed from Data, from J. Dairy 5ci., 35 : 179) 
Date Due to Calve 


Ayr., Hoi., Jer. 

Service Date 
Jan. 1 
Jan. 15 
Feb. 1 
Feb. 15 
ilar. 1 
Mar. 15 
Apr. 1 
Apr. 15 
May 1 
May 15 
June 1 
June 15 
' Julyl 
July 15 
Aug. 1 
Aug. 15 
Sept. 1 
Sept. 15 
Oct. 1 
Oct. 15 
Nov. 1 
Nov. 15 
Dec. 1 
Dec. 15 


Guernsey 

Brown Swiss 

(283 days) 

(288 days) 

Oct. 11 

Oct. 16 

Oct. 25 

Oct. 30 

Nov. 11 

Nov. 16 

Nov. 25 

Nov. SO 

Dec. 9 

Dec. 14 

Dec. 23 

Dec. 28 

Jan. 9 

Jan. 14 

Jan. 23 

Jan. 28 

Feb. 8 

Feb. IS 

Feb. 22 

Feb. 27 

Mar. 11 

Mar. 16 

Mar. 25 

Mar. SO 

Apr. 10 

Apr. 15 

Apr. 24 

Apr. 29 

May 11 

May IG 

May 25 

May 30 

June 11 

June IG 

June 25 

June 30 

July 11 

July 16 

July 25 

July 30 

Aug. 11 

Aug. 16 

Aug. 25 

Aug. 30 

Sept. 10 

Sept. 15 

Septr 24 

Sept. 29 


(278 days) 
Oct. 6 
Oct. 20 
Nov. 6 
Nov. 20 
Dec. 4 
Dec. 18 
Jan. 4 
Jan. 18 
Feb. 3 
Feb. 17 
Mar. 0 
Mar. 20 
Apr. 5 
Apr. 19 
iMay G 
May 20 
June G 
June 20 
July G 
July 20 
Aug. G 
Aug. 20 
Sept. 5 
Sept. 19 



Index 


Abnormal rations, 168 
Abomasum, or true stomach, 27, 34 
capacity, 34 
Absorption, 43 

Accredited herds, for Brucellosis, 422 
for tuberculosis, 421 
Acetonemia, or ketosis, 147, 429 
Acids, for preserving silage, 190 
in silage, 188 

Actmomycosis, or lumpy jaw, 434 
Adrenalm, 61 

Advanced registry testing, 461, 470 
Advertismg dairy cattle, 494 
Afterbirth, 263, 435 
Age, in relation to production, 463 
in selecting a sire, 377 
of breeding heifers, 326 
Age conversion factors, 366, 364 
Alfalfa hay, 69 
Alfalfa as pasture, 246 
Alimentary canal, 27 
Alleys, cross, 541 
feed, 541 
Utter, 541 

Alsike clover pastiuc, 243 
AUeolus, 56 

American Feed Manufacturers' As- 
sociation, 311 
Anemia, nulntional, 107 
Animals, elements of, 10 
Anorexia, 175 

Antibiotics, for calf scours, 436 
in milk, 427 
Apple pomace, 76 
as sibgc, 197 
Approied dams, 474 
Approied sires, 475 

col 


Aimsby feeding standard, 122 
Arranging cows in bam, 267 
Artificial breeding, advantages of, 
391 

associations, 393, 396, 397 
cost of, 397 
efficiency of, 401, 402 
growth of, m U S , 393, 394 
histoncal, 390 

number of cows enrolled for, 396 
semen for, 397 
sensational aspects of, 392 
Ascorbic acid, 115 
Ash, or mineral matter, detennma- 
lion of, 17 
metabolism of, 46 
of alfalfa, 175 
uses of, 18 
Auction sales, 496 
Aureomycin, for calves, 308 
for mastibs, 427 
Ayrshire, 379 

Ayrshire Breeders’ Association, 463 
Bacitracin, 427 

Dactenal cultures for silage, 192 
Bactenal growtli m milk, 519, 521 
Baler, pick-up, 217 
Bang’s disease, see Brucellosis 
Barley, 77 

Bams, arrangements of, 537 
bull, 531 
calf, 551 
dairy, 515, 537 
heifer, 551 

isolation stalls m, 552 
loosc-liousing bams, 510 
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Bams, maternity stalls for, 551 
imUang parlors for, 548 
pen, 546 

small milking, 548 
storage capacity of, 545 
Base surplus plan for pncmg milk, 
530 

Beddmg, amount needed, 271, 547 
matenals for, 270 
Beet pulp, 84 
Big neck in calves, 107 
Bile, 35 

Bird s foot trefoil, 243 
Birth Weight, 292, 319 
Bloat, 33, 174, 249, 430 
cause, 430 , 

management practices to prevent, 
430 

treatment, 430 
Blood, 44. 45 
antigens, 403, 410 
flour, meal, 86 
in udder, 54 

typing, of bulls m bull studs, 403 
test for fteemarUn, 410 
Boilers electnc, 562 
steam, 582 
Bolus, or cud, 30 
Bone black, 110 
Bone meal, 110 
Branding, 265 
Breed journals, 478 
Breed registry associations 467 
fieldmen for, 477 
location of, 46S 
membership of, 467 
officers of, 468 
prograzTis of, 467 

rules for aitiBcial mseminahon, 
402 

Breeders purebred, 483 
tenure, 485 
Breeding 341 

age of dairy heifers, 328 
artificial, 390 

efficiency of, 401, 402, 403 
causes of low, 408 


Index 

Breeding, efficiency of, effect of dis- 
ease on, 410 

effect of early, on size, 325 
effect of honnones on, 412 
effect of management on, 412 
effect of nutrition on, 412 
types of, 352 

crossbreeding, 356 
grading up, 332 
inbreeding, 354 
Itnebtcedmg, 355 
outcrossing, 356 
purebreds, 354 
I Breeding rack, 568 
Breeding records, 415 
Breeds of dairy cattle, 381 
Brewers’ grains, 82 
Brewing and distiUmg industry by- 
prt^ucLs, 82 

Brome grass pasture, 243 
Brown Swiss, 380 

Brown Swiss Cattle Breeders' Asso- 
ciation, 468 
Brucellosis, 411, 421 
Buckwheat, 77 
middlings, 79 
Buildings, dairy, 535 

arrangements, 533, 537 
size of, 538 
Bulk la ration, 97 
necessity for, 98 
Bull, see Sires 
Bull bams, 55l 
Bull pens safety, 338 
Bull staff, 335 
Bull stud. 393, 398 
Butterfat percentage in milk, effect 
of feeds and supplements on, 
154, 174. 179, 180 
effect of inheritance on, 346 
effect of lactation on, 155 
pnee based on, 531 
test for, 445 

Butterfat production, see Milk pro- 
duction 

Buttermilk for calves, 300 
Buying a dairy herd, 383 
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By-products, 79 

brewing and distilling industry, 82 
citrus industry, 85 
bominy gnts industry, 85 
milling industry, 79 
oatmeal industry, 85 
oil industry, 80 

paclang plant and fishing indus- 
try, 86 

starch industry, 83 
sugar industry, 84 

Calcium, 104 

balancing rations for, 131 
Calaum-phosphorus ratio, 107 
supplying, 109, 112 
Calculating feed mixtures, 137 
Calf, see Dairy calf 
Calorimeter, respiration, 50 
Calving, effect of early, on milk pro- 
duction, 321 
on type, 321, 328 
regular, 374 

Calving interval, breedmg effiaeocy 
and, 406 
length of, 406 
Canada field peas, 70 
Cans, milk, 562 
Carbohydrates, 95 

amounts of, to feed, 95 
classification of, 23 
composition of, 22 
digestion of, 37 
function of, 23 
metabolism of, 47 

Carbon dioxide poisoning m silos, 
200 

Carotene, balancing rations for, 131 
change to vitamin A, 113 
content affected by cunng meth- 
ods, 114 

content of, m feeds, 113 
Carrots, 75 
Carts, feed, 559 
liay, 560 
hller, 564 

milking equipment, 561 


Cattle, sec Dauy cattle 
Cereal hay, 71 
Cheese factories, 533 
Chlonne, 514, 523 
Chopped liay, 219 
storage of, 226 
Chopping feeds, 153 
CJiromosomes, number of, 342 
Clmtcs, holding, 566 
loading, 566 
Circulation of blood, 44 
Citrus pulp, dried, 85 
Classification of cattle for type, 472, 
511 

Cleaning barns, 419 
Clippers, clectnc, for cows, 566 
Clipping cows, 257, 508 
Clover hay, 70 

Cobalt, areas deficient in, 108 
supplying, 111 
symptoms from lack of, 108 
Cocoanut-oil meal, 81 
Cod-liver oil, effect on fat test, 180 
for calves, 291 

Cold-wall milk tank, 520, 563 
Colostrum, composition of, 297 
effect of prepartum milking on, 
291 

feeding to older calves, 291 
Comfort stall, 545, 555 
Commercial mixed feeds, 87 
Composibon, of feeds, table, 586 
of milk and milk products, 297 
Concentrate feeds, 69, 76 
for calves, 298 

Conception, number of services per, 
408 

Condensenes, 533 
Constructive breeders’ award, 473 
Coolers, aerator, 563 
wet storage, 563 

Coohng milk, effect on bacterial 
growtii, 519 
Copper, 107, 111 
Copra-oil meal, 81 
Com, 77 


/ 
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Com, composition at various stages 
of maturity, 193 
feed products, 77, 83 
grades of, 78 
Corn silage, 73, 192 
Com stoier, 71 
as silage, 74, 194 
Corpus luteum, 411 
Cottonseed, 80 
heavy feeding of, 178 
Cottonseed hulls, SO 
Cottonseed injury, 80 
Cottonseed meal, 80 
and salt mixtures, 178 
Cow, see Dairy cow 
Covi trainers, electric, 568 
Cowpeas, 70, 79 
Cowpox, 433 
Cream, marketing, 528 
sour, 528, 534 
sucet, 534 
weight of, 534 
Cnmson clover pasture, 247 
Crops, for silage, 192, 197 
losses of nutrients in, 184 
nutrient >ield per acre, 184 
Crossbreeding, 357 
Cnidc fiber, determination of, 22 
digestion of, 32 
Cr>ptorcliidisni, 410 
Cud or bolus, 30 
stealing, 807 
Custom work, 217 

rates to charge for, 59S 

Dairy calf, new bom, care of, 291 
pens, 538 
raising, 2S9, 301 
scours, 436 

standard management practices, 
311 

starter, fomiuU for, 303 
Dairy cuhes, 239 
aiitdiodics for, 303 
birth weight, £92 
fet-dins. 313 
liuusing, 812 


Index 

Dairy calves, removing from dam, 
293 

rumen inoculation, 307 
teaching to drink, 293 
Dairy dltle, breeding, 341 
identification, 264 
evaluating, 497 
fitting for show or sale, 503 
management, 254 
regularity m, 254 
marketing, 490 
I methods, 495 
marking, 264 
purebred, 15, 480 
registering, 264 
shipping, 509 
watenng, 261 

Dairy cow, care at calving hme, 290 
dry, 146. 262 
drying off a 262 
efficient producer of food, 10 
families 373 
numbers, 6 

sue In relahon to production, 323 
Dairy cows, anangement of, in bam, 
287 

clean. 513 

grade, production of, 384 
like to be milked, 280 
purebreds, production of, 384 
removed from herd, 418 
tune spent lying down, 255 
vices, 265 
sucking, 265 
Dairy heifers, 815 
age of breeding, 320 
feeding, 817, 322, 324, 329 
growth of, 315 
housing, 828 

Dairy herd, budding up a, 383 
bu>ing a, 385 

improvement associations, 457 
supervisors, 458 

Dairying, capitalization and nsk, 14 
extent of, 3, 5 
reasons for and against, 6 
rtlatioR to soil fertility, 11 
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Dairying, sure and regular returns, 
13 

Dairyman, tlie, 3 
Dam, approved, 474 
importance of, 349 
tested, 475 
DDT, 273 

Deflorinated rock phosphate, 110 
Deglutition, 30 
Dehormng, 257, 506 
Dehorning bulls, 335 
DeUvermg milk, 523 
Dicalcinm phosplvate, 110 
Digestible nutrients, 39 
Digestibility, coefficient of, 38 
factors influencing, 40 
Digestion, 26 
chemistry of, 37 
in intestines, 34 
m moutli, 29 
m stomacli, 31 
Disease, common, 419, 421 

federal and state offiaals for con* 
trolling, 437 

isolation for control of, 420 
poisons causing, 420 
problems in buying anunals, 388 
resistance to, 374, 388 
Disinfecting bams, 419 
Disposal of animals, reasons for, 418 
Distillers’ grams, 83 
Distillers’ solubles, 83 
Drugs, eSect on milk yield, test, 180 
Dry cow, 146, 262 

Ear notches, 265 
Eartags, 264 
Electnc dehomers, 258 
Elements m milk, 91 
Elevator, bale, 560 
Energy, metabolizable, 51 
net, 51 

rations high in, 173 
Enz>mes, 26 
Equal parent index, 364 
Equipment, for dairy bams, 553 
for milk house, 553, 562 


Equipment, for milking, 561 
Ergosterol, 114 
Esophageal groove, 33 
Establishing a herd, 379 
Estrogen, 63 
Estrus cycle, 414 
Evaluation of cattle, 497 
Excretion from body, 49 
Exercise, for bulls, 337 
for calves, 310 
for cows, 255 

Evpeller process for oil meals, 80 

Farm name, 486 
Fat, see Butterfat 

feeding large quantities of, 181 
metabohsm of, 48 
Fats, amounts to feed, 96 
digestion of, 3$ 
function of, 25, 95 
structure of, 24 

Feed, amounts to, 92, 100, 168, 170 
insufficient, 168 
what becomes of cows’, 90 
Feed boxes for calves, SOI, 310, 312 
Feed carts, 559 
Feed mixtures, 137, 163 
calculatmg, 137 

Pearson s square, 139 
Feed room, 545 
Feeding, calves, 295, 313 
schedule for, 299 
cows, amounts to feed, 145, 149, 
159, 160, 161 
at parturition, 146, 148 
in summer, 155, 158 
m winter, 159 
on p^astu^e, 251 
equipment, 151, 559 
gram on pasture, 158 
heavy, 170 

heifers, 146, 317, 322, 324 
insufficient amounts, 168 
irregular, 286 
records, 450 
roughages alone, 176 
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Feeding, salt and coltonseed meal 
mixtures, 178 
self feeder for, 178 
sires, 321. 333 
standards, 118 
Armsby, 122 
Gromen, 119 
Haccker, 120 
Kellner, 122 
Mornson, 121, 591 
National KesearcJi Council, 122 
Savage, 121 

Scandinavian, 119 ' 

Tliacr, 118 
WoUI, 120 
Wolf! Ueliman, 120 
without roughages, 17-i 
Fe'eds, amount needed for herd, 165 
and Feeding, textbook, 121 
carotene in, 110 
classes of, 69 
concentrates, 70 
roughages, 69 
succulent, 73 
commercial fe'eds, 87 
compusition of, table, 580 
cost of, 99 
dry nultef of, 17 
grinding, 153 

ground roughage, eSect on fat 
test, 179 

iniscellarH.'ous, ISl 
ofMti formula, SS 
overfe-eding 93, 151 
jiredigestiiig, 15-1 
teadj inue-d, 87 
scUituig 140 
s>itlhtlic, 87 
veenghij of 500 
1-cnet hriaVitig, 2C0 
Ftiulizing value of various nuteruU, 
11 

lescuc. 211 

Irtue, nutnmts rc<{uitrd for, 150 
tibrr eilcet on feed v-alue, 03 
litW tfwTr^. 190, 217 
IkU peas, 79 


FisK meal, 86 

Fitting cattle for sale or show, 503 
Flies, control of, 273 
effect on production, 272 
Floors for dairy bams, 541 
Fluid milk, marketing, 528 
methods of selling, 529, 530 
Fluonoe, 110, 141 
Food, determination of value, SO 
use in body, 43 
Foot rot, foul foot, 432 
Foreign bodies, or hardware disease, 
33, 420 

Freemartin, 351, 409 

Calaclin, 64 
, Calactogogues, 180 
Gestation penod, 359 
I table for, 599 
Gluten feed, 83 
Gluten meal, 83 
Goiter, 111 

Gold Medal, cows. 473, 470, 477 
bulls, 476, 477 
Ton of, 475 

Golden Guernsey milk, 477, 532 
Cosiypol, SO, 178 
Grading up a herd, 352 
Gram feeding without roughages, 
224 

Cram mixtures, 163, Z9S 
Crams, 77 

cracked or enmped for calv ts, 298 
Gramicidin, 427 
Crass, hay, 72 
vilagc, 74, 193 
Grassland farming, 231 
Craiing methods, 237, 24 1 
Ciindiiig feeds, 41, 153 
Grooming, 230 

Crouvens feeding standard, 119 
Growth, 315 
causes of, 315 
effect of ration on, 319 
tneasuring, 310 
normal, tables, 318, 332 
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Guernsey, 380 

Guernsey Cattle Club, Amencan, 
468 

Gutter cleaners, meclnnical, 564 
Gutters for dairy barns, 540 

Haecker’s feeding standard, 120 
Hardware disease, or foreign body, 
420 

Hay, 69, 208 
brown, 222 

chopped, 217, 219, 226 
crop silage, 195, 197, 221 
dehydrators, 218 
driers, 218 
harvesbng, 208, 216 
kinds, 208 

losses during cunng, 186 
preservatives for high moisture, 
221 

storage, 221, 226 
Health of cows, 494, 512 
Health records, 445, 494 
Heart girth measurement and weight, 
319 

Heifer, see Dairy heifers 
Height, bulls, 332 
table for dairy heifers, 318 
Hemorrhagic sepbceniia, 432, 509 
Herd averages 447 
Herd improvement registry tesbng, 
464, 470 

Hohenheim system of grazmg, 238 
Holding chute, 566 
Holstein Fnesian, 381 
Holstem Fnesian Associabon of 
America, 468 
Hommy feed, 85 
Honeycomb, or reticulum, 27, 33 
Hoofs, tninming, 259, 508 
Hormones, 27, 60, 63, 64, 67, 412 
Homs, tmning, 506, 509 
Hospital stalls, 552 
Housing of cattle, 312, 328, 337, 
546, 531 

loose, 457, 540, 551 
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Hydraulic process for oil extracbon, 
80 

Hyperkeratosis or X disease, 434 

Identificabon of cattle, 264 
Impotency of bulls, 339 
Inbreeding, deformities from, 354 
effect on fertility, 409 
value of, 354 

Inhentance, effect on ferhlity, 408 
of butterfat percentage, 346 
of milk producfaon, 346 
of type, 374 

Inoculabon of calves’ rumen, 307 
Inseminabng associabons, 396 
Inseminating tlie cow, 400 
Inspection of milk, 523 
form, 524 
Intesbnes, 36 

lodinated casern, tbyroprotein, prO' 
tamone, 67 
Iodine, 107, 111 
Iron, 107, 111 

Irradiated yeast for prevenbon of 
milk fever, 429 
Irrigated pastures, 250 
Isolabon of animals, 420 
Isolation stalls, 552 

Jersey, 381 

Cattle Club, American, 468 
Creamline milk, 477, 532 
JerZ, 477, 532 
Johne’s disease, 434 

Kellner feeding standard, 122 
Ketosis or acetonemia, 147, 429 

Lnibor problem, 13 
laboratory exercises, 571 
Lactabon, stage of, effect on fat per- 
centage, 153 
effect on milk yield, 154 
Lactogen, 64 
Ladino clover, 243 
Leasing herd sires, 372 
Legumes, 68, 69, 209 
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Legumes, composition of, 126 
for silagc, 195 
lime to har\est, 196 
Lespedeza hay, 70 
Lct-do\^-n honnone, CO, 278, 279 
Ubido. 353 
Lice. 437 
Ljgnin, 22, 32 
Limestone, ground, 109 
Lindane, 273 
Liiicbrceding, 333 
Linsced-oil meal, 80 
Latter carrier, 564 
Loading thulc, 566 
LaingcMly, 374 
Loose housing, 546 
Lump) jaw, or actinom)«)$«, 434 
L}c solution, 522 
L)'n)ph, 45 

Magnesium, 103 

Mamtiiianee rc(|uucincnts, 118, 391 
Mammary gland. 01 | 

Managetl milLiiig, 270, 2S3 | 

Management of dairy cattle. 254 | 

practices fur calf raising, 3U 
Mangels, 75 
Mangers, GOl, 510, 559 
diMsums for, 537 
rcmoi able ealf, 301. 559 
Manufaetunng grade of nitlL. 528. 

533 

niaiLe-ting, 5iS, 533 
Manure cleaners, rnexlufucal, 564 
Manure elitjxnal. 271 
Manure kwdrr, ine'cluriica), 565 
Man) plies, ur exiusum. 27. 53 
MaiVeting, cattle, 400 
imlV. SIS 

cot tivl Ixaids, 532 
Mailing cattle, 264 
VU>ti4an(/(i 29 
Ma»tius. 425 433 

arTan„tii>cTl u( tws In luin, 207 
SUlriua) staUi. 531 
Matnri*) if dairy l^^tlcrs. 321 
etirxt i4 raituii on, 321 


Afecdianical gutter cleaner, 564, 563 
Medal auards, gold, 473, 476, 477 
medal of merit, 475, 476, 477 
silver, 47S, 476, 477 
MendeVs law, 343 
Metabobsm, 45 
ash, 46 

earbobydrate, 47 
fat, 48 
protein, 40 

Metabolizable energy, 51 
Mctlioxyclilor, 273 
Mill, as a food, 9, 91 
composition of, 297 
control boards, 532 
cooling, 519 
fluid, 528 
formation of, 58 
inspection of, 523 
let down of, 00 
I manufacturing, 528, 533 
I marleUng, 528 

preiduction of clean, 512 
<]ual>{)', 5J2, 547 
special, 532 
uses of, 529 
Milk cans, 562 
Milk fever. 427 
Milk house, 546 
cfiuipmcnt, 502 
Mill pails, 518 
Milk prtxIucUon, 7, 8 
average per cow, 8, 482 
by bretxls, 482 
by states, 7 
feeding for, 1 13, J49 
InQucncv of early cabing on, 321, 
320 

tnflucuce of diScrcnt quartets on, 
250 

inBuciice of LcUllim on, 154 
tnfluencr* of scuM/ri on, 137 
iidM-nUnre of, 5}0 
records 30.5 

nuture equivali-nl, 363 
sUncUidiratitin of, 363 
Mill rrcutds, 411 
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Milk replacements for raising calves, 
304 

Milk scales, 443 
Milk secrehon, 54, 58, 145, 286 
causes of, 145 
continuous process, 286 
effect of pressure on, 286 
Milker, a good, 275, 517 
change of, 287 
hand, 276 
Milking, 275. 280 
hand, 276 
incomplete, 285 
irregular, 286 
managed, 276 
preparation for, 276 
prepartum, 287, 291 
rules for good milking, 283 
hmes per day, 286 
Milking equipment, 561 
Milking machine, 284, 561 
core of, 284 
effect on udder, 285 
number of umts, 278 
operation of, 284 
pipe hne, 549 
pulsations, 284 
'acuum, 284 
Millet hay, 72 

Milhng industry, by-products of. 
Mineral matter, or ash, 17 
determination of, 17 
digestion of, 37 
function of, 18 
Minerals, 96, 102, 299 
supplying, 108 
trace, 108 

dairy rations, 141 
^lodel, cow and bull, 471 
true type, 471 
Moisture in sihge, 201 
Molasses, 84 
bctt, 84 

blackstrap or cme, 84 
citrus, 84 

for prtstiMng silage, 190 
Mood, 84 


609 

Morrisons feed composition, table, 
586 

Morrison's feeding standard, 121, 
591 

Mornson's l^eeds and Feeding, 121 

Name plates for cows, 268 
Naming registered animals, 486 
National Research Council feeding 
standard, 122, 305, 329, 593 
Neck straps, 265 
Net energy, 51, 130 
value of feeds, 123 
Nipple pail, 294 
Nitrogen-free extract, 22 
Nonlegume roughages, 71 
Nonprotem nitrogen, 21 
Nurse cows, 295 
Nutrients, digestible, 39, 198 
composition of, m feeds, 586 
cost of, 143 

Nutnhon, effect on fertility, 412 
Nutntion Council, Amencan Feed 
Manufacturers' Ass'n, standard 
practices for growing calves, 311 
Nymphomania, 412 

Oat mill feed, 85 
Oats, 78 

Oil mdustry by-products, 80 
Oil meal, 81 

Omasum or many phes, 27, 33 
Open formula feeds, 88 
Orchard grass pasture, 243 
Orgamc matter, 19 
Outcrossing, 358 
Ovaries, cystic, 412 
Overfeeding, 93 
OvuHtion, time of, 415 
Oxytocin, 60, 278 

Packing plant by products, S6 
Pail, nipple, 294 
small top, 518 
Pamt, m dairy bam, 268 
nonpoisonous, 269 
poisonous, 420 
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Palatabiljty, 97 
Pancitatic juice, 35 
Paper towels for washing udder, 279, 
514 

Parasites, 437 
Parturient paresis, 427 
Partunlion, diificult, 433 
feeding before and after, 146, 148 
Pastures. 228 
bloat on, 249 
characteristics of, 229 
feeding on, 2S1 
fertilization of, 239 
grazing intlfiods for, 237, 2S8 
imgaling, 250 
kind of. 231 
permanent, 232 
specialized, 242 
temporary, 245 
"inter, 217 

management of, 237, 244 
use of surplus, 249 
jiclds, 233, 230 
Paunch, or rumen, 27, 31 
Peaiiut*oil meal, 81 
Pearson's sriuaie, 139 
Pedigree, 153 
a good. 370 
sek-ction liy, 372 
Pen )>]ms, 540 
Pciilcilln, 427, 434 
Pens, for eahes, QOS, 312 
uuternit>. 531 
Pcrfonnancc registry, 475 
I'crsistcne-v of produetion, 374 
PfiospJjoniJ, 103 
defioeno s>inptonis, 107 
suinihing. 105. 109. U2. 131 
Pmk r>e. 433 
1'iliO'fine iiiilkcTs. 549 
l^{euUo glaoJ. 60 
1 lacmla. 2<>3 
1 LiiiU, clrntent* of, 10 
iHK-unxniU 413 

l*eiv».mi. 420 

kxiule. 434 
PeCili^, 75 


Potatoes, for silage, 197 
sweet, 75 

Powder milk plants, 533 
ft-cdigestmg feeds, 154 
Prepartum milkrng, 287, 291 
Preservabves, for hay-crop silages, 
189, 190 

amounts to use, 201 
for high moisture hay, 221 
Producer, distributor, 529 
Production, milk, all dairy cattle, 
482 

by breeds, 4S2 
' grades, 482 

pu/ebreds, 482 
Production testing, 470 
Progesterone, 63 
Protamone, 67 
Protein, 19, 94 

amount needed, 94, 135, 173 
digestion, 37 

from nooprotem nitrogen, SI 
metabobsm of, 46 
rations high in, 172 
rations low m, 171 
true, 21, 123 

Progressne Breeders’ Award, 473 
ProNcd sire, 863 

Pulsations of milking machines, 284 
Pumpkins, 70 
Purebred dairy cattle, 480 
breeding, 354 
busmess of, 4S0 
compansou with grades, 482 
niaiugcment details of, 460 
production of, 482 
purpose of, ISl 
returns from, 488 

Purebred Dairy Cattle Assocution, 
478 

Qualenwry compounds, 514 

IVatiuns, 127, 1(>S 
abniinnal, 168 
balancing, 127-135 
cost of, 143 
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Rations, desirable characteristics of, 
9Q 

effect of, on dairy heifers, 325 
from restricted sources, 176 
iruMng, 141 
selechng feeds for, 140 
unusual, 168 
Ready niL\ed feeds, 87 
Records, 439 
breeding, 452 
equipment needed for, 443 
feeding, 450 
forms, 439 ff 
health, 455 
herd average, 447 
herdsman’s report, 453 
production, advanced registry, 461 
D H I A , 457 

herd improvement registry, 464 
Red Sindhi, 358 
Registered animals, 481 
number by breeds, 467 
Registration, of cattle, 264 
selective, 476, 477 
Registration papers, 481 
Regression index, 364 
Regularity of care, 254 
Regurgitaboo, 30 
Reproductive efficiency, 406 
formula for calculating, 407 
Respiration calorimeter, 50 
Resting the cow, 146 
Restricted ration, 176 
Reticulum or honeycomb, 27, 33 
Rickets, 107, 115 
Ringing bulls, 335 
Ringworm, 436 
Roots and tubers, 75 
Roughages, 69 
Rumen or paunch, 27, 31 
bacteria in, 307 
digestion in, 31 
fermentation in, 31 
size of, 31 

Rumen inoculation of calv es, 307 
Rumination, 30, 255 


Rutabagas, 75 
Rye, 78 

Rye grass pasture, 247 

Safety bull pen, 338 
Sales, 495 
auction, 496 
Salt, 104, 108, 308 
block, 108 
iodized, 111 

preserving silage vvitli, 192 
Salt and cottonseed meal mixtures, 
178 

Salt sickness, 108 
Savage’s feeding standard, 121 
Scandinavian feeding standard, 119 
Score card for dairy cattle, 470 
Scours, calf, 436 
Self-feeder, 178 

Selling cattle, methods of, 495 
Selling milk, metliods of, 529 
Semen, 397 
collecbng, 397 
processing, 400 
Sex, 348 

I Shark liver oil, 180 
effect on fat test, 180 
Shipping cattle, 509 
I Showing, 504, 510 
I Shows, dairy cattle, 471 
Silage, 73, 183 

advantages of, 183 
chemical changes during ensiling, 
187 

crops for, 73, 184, 196 
grass, 74, 189 
harvesting, 199 
hay>-crop, 189, 221 
losses of, 184, 187, 189, 206 
poor, causes of, 188 
preservatives for, 190, 191, 192 
weight of, 184, 597 
wilting crops for, 191, 200 
yields, 184, 197 
Silo, 183, 545 
capacity of, 20-1, 597 
carbon dioxide poisoning in, 200 
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wheat, 78 
bran, 79 

niddlings 19 

Whey lot eahes, 300 
Wh.te hedet disease, 410 

Whiteivash, 369 

Whole eram, lor cahes 299 

\Vhole 200 

Wduog ciops foi Silas . 
testing £oi moisttne. 201 


, Windows, dauy bare, 539 
1 Winter pastures, 241 

1 Wolff loBb”S J„,l lOO 

\ Wolff Lehman feeding standard, - 

lx disease or hyperheratosM 434 

1 Yeast, irradiated, 115 
\ Zebu, 358 
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Wheat, 78 
bian, 79 
middlings, 79 
Whey for calves, 200 
Wlute heifer disease, 410 
Whitewash, 269 
Whole grains for calves, 299 
Whole milk for calves, 296 
Wilting crops for silage, 200 
testing for moisture, 201 


Wmdows, dairy bam, 539 
Winter pastures, 247 
Wolff feeding standard, 120 
Wolff Lehman feeding standard, 120 

X disease or hyperkeratosis, 434 

Yeast, irradiated, 115 

, Zebu, 358 
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Silo, size of, 203 
Silo unlooder, 560 

Siliet medal. 476. 477 
Sire. 331 

Sie'ond monasemeiit of, 331 

feeding, 331, 334 
gtoirth of. nomial, 332 
handling, 335, 337 
safety bull pen, 338 
health of. 370 
unportance of, 349, 361 
impotency, 339 
selection of, 361 

by pedigree, 372, 376 
hy production proof, 3W 
by type, 362 

Sue index, 363, 367 * ^ „ 

aierage of dauslitet’s production, 

363, 364 

equal patent, 364 
regression, 364 
Sires, approied, 475 
proved, 303 

age of proving, 395 
method of proving, 363^ 
reproductive life of, 395 
supenor, 477 

Skim milk, composition, Zal 
for raising calves, 296 
Small top milk pail, 518 
Soaking feeds, 41, 154 
Sodium bisulBte for preserving si- 
lage, 192 

Soiling crops, 249 
Solvent process for oil meals, 80 
Sorghum, silage, 74, 195 
Soybean hay, 71 
Soybean-oil meal, 81 
Soybeans, 78 

raw, contain urease, 181 
Special milks, 532 
Spontaneous combustion in hay, 2— 
Sulls, calves, 308, 551, 558 
dairy bam, 539 
comfort, 554, 555 


Stalls, dairy bam, size of, 539 
stancliion, 553 
tie, 554, 555 
hospital, 552 
isolation, 552 
niatcmity, 551 
Stanchion, 553 
Star buU program, Jersey, 476 
Starch industry, by-products, 83 
Steam jenny, 420, 568 
Sterilization, effect on bactenal 
growth, 521, 522 
I of milk utensils, 521, 522 
1 of milking machines, 521, 5-3 
Stillage, 83 
Stocks, cattle, 568 
Stomach, compartmenU of, 27 
Storage capacity, 545 

needed for feeds, 226, 59o 
of hay, 221, 226 
Strainers, milk, 563 
Straws, 72 
Streptomyan, 427 
Strip cup, 278 
Stripping the cow, 280 
Succulent feeds, 73, 99, 313 ^ 
Sucking of calves or cows, 26i> 

Sudan grass, hay, 72 
pasture. 246 
Sugar beets, 75 
Sugar industry, by-products, 84 
Sulfur dioxide for preserving silage, 
192 


lai 

Sunflowers for silage, 74, 194 
Sulfamethazine, 432 
Sulfapyndine, 432 
for foot rot, 432 
Sulfonamides, 424 
for calf scours, 436 

Sweet clover, pasture, 246 

Sweet potatoes, dehydrated, 75 
Synthetic feeds, 87 


Tankage, 86 
Tattoo, 263 
Teat injunes, 285, 43o 
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Temperature, of bam for calves, 313 
of milk, for calves, 295 
for market, 519 
Tetany of calves, 175 
Thaer feeding standards, 118 
Thyroprotein, 67 
Thyroxine, 67 
Tie stalls, 554 
Ties for calves, 308 
Timothy hay, 72 
Tool rack, 569 
Toxaphene, 273 

Trace minerals, 108 I 

Trainers, electric cow, 566 ' 

Traimng animals to lead, 268, 506 
Transporting, ammals, 509 
milk, 523 

Trichomoniasis, 411, 424 
Trimming hoofs, 239 
True protein, 123 
True type models, 471 
Tuberculosis of cattle, 421 
accredited herd plan, 421 
Tubers or roots, 75 
Turnips, 76 
Twinning, 410 

Type, correlation to production, 375 
inheritance of, 374 
of daughters of sire, 37Q 
of sire, 362 

Type classificahon, 472 
score card for, 470 
Tyrolhncm, 427 

Udder, 54 

cross section of, 53 

paper towels for washing, 279 

pressure in, 286 

producUon b> different quarters, 
286 

teat erosion, injury, 285, 135 
Unusual raVions, 168 
Urea, 87, 181 

for picscrMug sihge, 192 
Urease, 181 


Uses of milk, 5, 529 
Utensils for milk handling, 521 
stenhzabon of, 521 

Vaccination, Brucellosis, 422 
hemorrhagic septicemia, 433 
Vacuum for milking maclime, 284 
Value of cattle, 497 
trend of, 501 
Vanety m feeds, 98 
Veal production, 311 
Ventilation of dairy bams, 542 
Vibno fetus, 411, 424 
Vices of cows, 265 
Vitamins, 96, 102, 104, 112 
A, 113 

chemical formula, 113 
B-complex, 32, 115 

C, 115 

D, 104, 107, 114 

for preventing milk fever, 429 
in crops, 115 
m milk, 115 
for calves, 299 

Washing animals, 508 
Washing udder, paper towels for, 
279, 514 

Washroom equipment, 562 
Water, amount cows will dnnk, 260 
effect on milk yield, 261 
for calves, 308 
funebon of, 17 

hard, effect on production, 261 
hot, amount needed in dames, 562 
soft, effect on production, 261 
wanning, for cattle, 262 
Water cups, 557 
Water heaters, 562 
Water lank, size needed, 262 
Watenng cows, 260, 201 
Watenng devices, 312, 557 
Weight, birtli, of calves, 292 
of dairy heifers, table, 318 
of feeds, 590 
index to feeding, 149 



